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1. INTRODUCTION

1.1 The purpose of this specification is:

1.1.1 To define the objectives for the development of the Apollo System and its major
subsystems,

1.1.2 To define the technical approach that shall be used to implement these objectives,

1.1.3 To establish system and critical subsystem performance requirements which insure
that the Apollo System meets its objectives,

1.1.4 To specify system performance parameters which affect crew safety, conservatism

and soundness of design, capability for growth and scheduled accomplishment of the mission,
and

1.1.5 To establish a uniform set of system design data.

1.2 The Apollo System consists of the Apollo Space Vehicle, the flight crew, the earth-based
support systems and the ground crews to be employed in manned lunar exploration missions.
The Apollo Space Vehicle consists of a Saturn V Launch Vehicle and the Apollo Spacecraft.
The Saturn V Launch Vehicle consists of an S-IC first stage, an S-II second state, an S-WB

third stage and an Instrument Unit. The Spacecraft consists of a Command Module (CM), a
Service Module (SM), a Lunar Excursion Module {LEM), a Launch Escape System (LES), and
an Adapter.

The Apollo System depends also on the development of the Saturn I and Saturn I-b vehicles,
which are not explicitly covered in the present issue of this document.

1.3 The requirements set forth in this Apollo System Specification shall be fully reflected in sub-
sidiary Apollo specifications and in related contractor work statements.

1.4 Deviations from the Apollo System Specification shall be made in accordance with a change
procedure to be established by the Office of Systems, OMSF. Approved deviations will be re-
flected in the subsequent quarterly reissues of the Specification.

1.5 Certain requirements in this specification have been identified as design objectives to reflect
a degree of uncertainty on the practicability (in terms of mission reliability, scheduling, cost,
etc. ) of the requirement. Such design objectives must be pursued by the initiation and conduct of

studies which are to be accomplished in sufficient time to allow incorporation of the feature(s) in
the system design, if proven practicable. If study results should show a design objective require-
ment to be impracticable, the requirement will be appropriately modified or deleted.

1.6 In some cases the values of quantities to be controlled by this specification have not been
determined and are, therefore, left blank. Where approximate values of such quantities are

known and provide useful guides for development, these are shown enclosed in brackets [ ].
Brackets are used also to identify other system characteristics which are regarded as tentative

at this time. Firm specifications resulting from further studies of these matters will be given
in future issues of this document.

1.7 As a separate but related function, the Office of Systems will maintain and control a weight
budget for the Apollo System. The Apollo System Specification will contain specification state-
ments based on the weight authorizations in effect on the date of issue. When statements made

in the Apollo System Specification differ from current weight authorizations, the current weight
authorizations shall be regarded as controlling.
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2. GENERAL APOLLO SYSTEM REQUIREMENTS

1 Program Policy

2. i. 1 The objective of the Manned Lunar Exploration Program is to carry out a series of
manned expeditions to the moon for the purposes of conducting exploration of the lunar sur-
face. It is intended that the information and technology developed by the Apollo Project shall

provide the foundation for a broader base of lunar activities.

2.1.2 It is program policy that no manned vehicle shall attempt landing on the lunar surface
until certain information essential to system design confirmation has been obtained by meas-
urement of the in-flight environment and the lunar surface environment at the proposed landing
site. Such information may be obtained from the unmanned programs, by means of television

observations, surface tests, and meteoroid and radiation experiments, or from early Apollo

flight tests conducted prior to the first manned landing.

2. I. 3 In the design and implementation of the Apollo System, there are many competing
charaoteristlcs which must be traded off in arriving at the final configuration. Of these,

there are three major competing characteristics, which are listed below in order of decreas-

ing priority.

Crew Safety and Mission Success Crew safety and mission success shall be the primary
considerations in the design of the system. Crew safety is defined as the safe return of all
three crew members whether or not the mission is completed. Mission success is defined
as the safe return of all three astronauts from a completed lunar landing mission. Reli-

ability and testing requirements, pre-launch and in-flight checkout requirements, attention
to alternate and abort modes of operation and other system factors shall be developed in

such a way as to achieve mission success with the least risk of life.

Schedule Accomplishment of manned lunar landing missions at the earliest possible date is

a recognized national objective. Design decisions and approaches shall be made in recog-
nition of this exceedingly important objective, but not at the expense of confidence in crew

safety and mission success.

Growth Potential The Apollo Project is but the first step in the broad program of manned

lunar exploration. To the extent that growth requirements can be anticipated and defined,
accommodations will be made in the design of Apollo equipment toward meeting future re-

quirements, so long as these do not significantly compromise crew safety, mission suc-
cess and schedule.

Accomplishment of the above objectives is bounded by the fraction of total national re-
sources allocated to the program and the rate at which such resources can be brought to
bear. If and whenever cost limitations dictate program compromises, it is program policy

that trade-offs of the above objectives shall be made in the stated order of priority. The

application of these competing characteristics and the relative weightings given to each in
the solution of any specific problem (without changing the order of priority) are matters of
trade-offs and judgment. No inflexible yardstick of weightings can substitute.

_ I_ mn ......



2.2 System Design Policy

2.2.1 The primary criterion governing the design of the system, including the choice of
flight components, the nature and extent of pre-flight and in-flight checkout provisions, the
use of ground-based computing, tracking and command capabilities, and the nature and de-
gree of crew participation shall be that of achieving mission success with the least risk of life.

2.2.2 The design of the system and the reliability testing procedures shall be such that the

reliability of the system shall meet the requirements to be set forth in a system reliability
plan to be issued by the Office of Systems, OMSF. Where the nature of any element of the
system is such that its reliability cannot be assessed with the proper confidence, then the de-
sign of the system shall be such that a failure of the element, as a goal, shall not cause loss
of any crew member.

2.2.3 Although good design, adequate testing and a demonstration of reliability must be the
primary means for achieving crew safety and mission success, there may be certain critical
areas in the system where reliability demonstration is impractical in terms of cost and/or

schedule. Every effort shall be made to minimize this uncertainty, but where it cannot be
removed, the system shall be designed to include backup or alternate modes of operation
wherever possible, rather than place sole reliance on simple parallel redundancy of elements

whose reliability cannot be demonstrated. The net result shall be, as a goal, to preclude any
single component failure from necessitating abort or seriously degrading the probability of
successful abort in the event of a second component failure in the same area.

2.2.4 If the preceding reliability provisions cannot be met, then in-flight maintenance and/or
parts replacement shall be provided, where practicable.

2.2.5 In those areas where requirements (performance, reliability, etc.) can be met by the
existing state-of-the-art, the design of the system shall not be made dependent on the devel-
opment of new components or techniques. Where a new development is required to accom-
plish design of the system, and is considered to involve high risk, the development shall be
identified to the Office of Systems together with a statement of steps being taken to insure a
suitable backup capability in the event the new development effort is unsuccessful.

2.2.6 The design of all flight equipment shall be such as to accommodate the various flight
tests and vehicle configurations which are planned with minimum variation of the equipment
from flight test to flight test and flight test to lunar mission.

2.2.7 In the furtherance of the Manned Lunar Exploration Program beyond the initial Apollo

missions, it is intended to use separately-landed support on the lunar surface to extend stay
time and to expand the range and scope of lunar explorations. If the nature of the separately-
landed support is defined during the time in which the early design of the LEM is being ac-
complished, then the design of the LEM shall be such that it is not incompatible with the
separately-landed support.

2.2.8 Removal of the landing site selenographic restrictions and stay-time and day-night
limitations of the early Apollo missions is a primary objective for follow-on missions of the
Manned Lunar Exploration Program.

A
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2.3 Mission Command and Control

To be included in a later issue.

_d_,, .L a.g_JL.J



3. APOLLO MISSION SPECIFICATION

3.1-1

3.I Mission Objectives

The objective of initialApollo missions shall be to land two astronauts and a minimum of

215 pounds of scientificequipment on the surface of the moon for the purpose of manned ex-

ploration of lunar surface to distances of approximately I/2 mile from the landing site. The

astronauts and a minimum of 80 pounds of scientificpayload (equipment and specimens) shall
be returned to Earth and safely recovered from land and water impacts.

On initialmissions, the lunar landings shall be restricted to sites on the near (earth)
side of the moon lying within a limited latitude band extending above and below the lunar

equator and selected to experience only day or night during the mission stay period. Initial

lunar landings shall be effected at pre-selected points within a design objective circular error

probable (CEP) of 1/2 mile without the use of lunar based landing aids or the expenditure of site

selection hover time, or within a design objective CEP of I00 feet iflunar based landing aids
are used.

Initial missions shall provide a normal 24 hour lunar stay period and an additional con-
tingency stay period of 24 hours during any interval of either lunar day or lunar night. Manned
exploration shall be accomplished by sorties of up to 2 hours duration (with provision for an
additional 2 hour contingency period) subject to a 20 man-hour limit for extra-vehicular opera-
tions during the lunar stay period.

All hardware specified herein shall be developed and qualified and all necessary crew
training shall be completed so that lunar landing missions could be undertaken on flight SA-507.
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3.2 Nominal Mission Profile

The Apollo Mission shall be achieved by the Lunar-Orbit Rendezvous (LOR) mode. In this
mode, the spacecraft, which includes a Command Module (CM), a Service Module (SM), and a
Lunar Excursion Module (LEM), shall be launched from Cape Canaveral through an earth park-

ing orbit, into a translunar trajectory by the Saturn V launch vehicle. The SM shall provide the
propulsion from this point to a lunar parking orbit. Two of the three crew members in the CM
shall transfer to the LEM, which shall separate from the CM/SM and descend to the lunar sur-
face. The third crew member shall remain in the CM orbiting around the moon. After lunar ex-

ploration, the two crew members shall ascend in the LEM on a trajectory that shall permit ren-
dezvous with the orbiting CM/SM. After the LEM crew has transferred to the CM, the LEM
shall be jettisoned. The CM/SM shall be returned to the vicinity of the earth by SM propulsion.

The SM shall be jettisoned prior to re-entry of the CM into the earth's atmosphere. The CM
shall be slowed for a safe landing on water or land by aerodynamic braking and, during the final

phases of the landing sequence, by parachute deployment.

The sequence of major events for the Apollo Mission shall be as indicated in the tabulation
below. The major phases of the mission are in the proper sequence. The sequence of the
events under each of these phases is not necessarily restricted to the order shown.

Prelaunch 1. Checkout of space vehicle to bring it to, and keep it at, an acceptable
operational level.
2. Arming, Manning, and Fueling.
3. Bring supporting systems to operational level.
4. Countdown.

Launch .

6.
7.
8.
9.
10o
11
12
13
14
15
16
17
18

Ignition of SoIC.
Release of holddown.

SoIC powered flight with gravity turn controlled by programmer.
Propellant level sensor cutoff of S-IC.
Retro S-IC and coast for separation.
Ignition of S-II.

Jettison Launch Escape System.
S-II powered flight controlled by Launch Vehicle Guidance.
Propellant level sensor cutoff of S-II.
Retro S-II and coast for separation.
Ignition of S-IVB.
S-IVB powered flight controlled by Launch Vehicle Guidance.
Begin attitude control of space vehicle by S-IVB.
S-IVB engine cutoff by Launch Vehicle Guidance.

Earth Parking Orbit (mean orbital altitude of [100] nautical miles)

19. Confirm orbit by IMCC.
20. Calculation of initial conditions required to achieve the lunar transfer
trajectory by onboard Guidance computer and the earth-based support

system.
21. Checkout of crew and equipment.
22. Generation of command by IMCC to continue the mission.
23. Assume attitude for injection.

Injection into Lunar Transfer Trajectory

24. Ignition of S-IVB.
25. S-IVB powered flight controlled by Launch Vehicle or CM Guidance.
26. S-IVB engine cutoff by Launch Vehicle or CM Guidance.



3.2-2

Lunar Transfer Trajectory

27
28
29
30
31
32
33
34
35.
the
36.
37.
38.
39.
40.
CM
41.
42.

Confirmtrajectory by IMCC.
Checkoutcrewandequipment.
JettisonAdapter, separationandreorientationof CM/SM.
Dockingof CM/SM with LEM.
Checkout of rearranged vehicle.

Separate CM/SM/LEM from S-IVB and Instrument Unit.
Begin attitude control of spacecraft by SM.
Optical navigational measurements.

Calculation of midcourse correction by CM Guidance computer and
earth-based support system.
Assume attitude for midcourse correction.
Ignition of SM.

SM engine cutoff by CM guidance.
Repeat items 34 through 38, inclusive -- as required.

Calculation of initial conditions for entering lunar parking orbit by
Guidance computer and the earth-based support system.
Generation of command by IMCC to continue the mission.
Assume attitude for insertion.

Insertion into Lunar Parking Orbit

43. Ignition of SM.

44. SM powered flight controlled by CM guidance.
45. SM engine cutoff by CM guidance.

Lunar Parking Orbit (mean orbital altitude of [80] nautical miles)

46. Optical navigational measurements.

47. Calculation of lunar parking orbit parameters by CM Guidance com-
puter and the earth-based support system.
48. Checkout of crew and equipment including LEM.
49. Transfer two crew members and equipment to LEM.

50. Calculation of initial conditions for descent maneuver by LEM Guid-
ance computer and the earth-based support system.
51. Separate LEM.
52. LEM assumes attitude for descent.

LEM Lunar Descent

53. Ignition of LEM landing stage engine.
54. LEM powered flight controlled by LEM Guidance computer.

Hover, Translation and Landing

55. Hover over landing site for inspection.
56. Translation and descent maneuvers.
57. Land on lunar surface.

Lunar Surface Operations

58. Checkout of crew and equipment.
59. Exploration of lunar surface.

60. Scientific experiments and sample gathering.
61. Transmission of information back to earth.

62. Checkout, assisted by earth-based support system of LEM to bring it
to, and keep it at, an acceptable operational level.

--ill-- _ .......
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63. Obtainorbital parametersof CM/SM.
64. Calculationof initial conditionsfor ascentmaneuverby LEMGuidance
computerandtheearth-basedsupportsystem.

LunarLaunch

65. Ignitionof LEM launchengineandseparationfrom lunar landing
stage.
66. LEM poweredflight controlledby LEM Guidance.
67. Midcoursecorrections, as required.

Rendezvousin LunarOrbit

68. LEM rendezvouswith CM/SM.
69. DockLEM to CM/SM.
70. Transfer of LEM crewandscientific material to the CM/SM.
71. Jettison LEM.

72. Checkout of crew and equipment.

73. Calculate initial conditions for injection into Earth transfer trajec-
tory by CM Guidance computer and the earth-based support system.
74. Assume attitude for injection.

Injection into Earth Transfer Trajectory

75. Ignition of SM engine.
76. SM powered flight controlled by CM Guidance.
77. SM engine cutoff by CM Guidance.

Earth Transfer Trajectory

78. Confirm trajectory by IMCC.

79. Checkout of CM/SM aided by the earth-based support system.
80. Optical navigational measurements.

81. Calculation of initial conditions for midcourse correction by CM
Guidance computer and the earth-based support system.
82. Assume attitude for midcourse correction.
83. Ignition of SM.
84. SM engine cutoff by CM Guidance.

85. Repeat items 80 through 84 inclusive as required.
86. Calculate required guidance program for achieving landing site.
87. Jettison SM.

88. Assume re-entry attitude.

Re-entry

89. Maneuver to vicinity of a landing site.
90. Deploy parachutes.
91. Start recovery equipment.
92. Deploy landing aids.
93. Land on earth.

Recovery

94. Recovery.



3.3 Mission Abort Options

(To be included in a later edition. )
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3.4 Reference Trajectories

(To be included in a later edition. )
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4. SUBSYSTEMSPECIFICATIONS

4. 1 Apollo Space Vehicle

4. 1. 1 General

The Apollo space vehicle at launch shall consist of a Saturn V launch vehicle and an

Apollo spacecraft as described below. The total weight, propellant loadings and tank ca-
pacities of the major subdivisions of these units shall be in accordance with the Apollo
weight control authorization document.

a) Saturn V Launch Vehicle This vehicle consists of an S-IC stage, an S-II stage, an
S-IVB stage and an Instrument Unit. It shall be 396 inches nominal outside diameter,
280 to 283 feet in length and 6,000,000 pounds in maximum weight including payload.

b) Apollo Spacecraft The spacecraft shall consist of a Command Module (CM), a Service

Module (SM), a Lunar Excursion Module (LEM), an Adapter and a Launch Escape System
(LES). It shall be 260 inches maximum outside diameter, 52 to 54 feet in length (not in-
cluding its Launch Escape System), and a maximum of 90,000 pounds in gross payload
weight including the effective weight of the LES. *

4.1.2 Capabilit_

The primary mission mode shall be Lunar-Orbit Rendezvous, three stages to in-
jection into lunar transfer trajectory. The Launch Vehicle shall be capable of boosting the
spacecraft through an earth parking orbit into a [72 hour] lunar transfer trajectory. The
S-IVB and spacecraft shall be capable of staying [6] hours in parking orbit and shall allow
for a ground launch window time of minutes and an orbital injection window time of
minutes.

4. 1.3 Structural Design Requirements

The space vehicle structure shall be designed to meet the applicable environmental
requirements given in section 4. 1.4. The space vehicle structure shall be designed to
resist all loads and combination of loads that may be expected to occur during allphases of
testing, transportation, erection, checkout, launch and flight with adequate margins of
safety. These load requirements shall include but not be limited to the following conditions:

4. 1.3. 1 Prelaunch Loads Each stage and module shall have free standing capabilities on
the launch pad as part of the completely assembled space vehicle with the highest wind
speed that may occur 99.9 percent of the time during the strongest wind month. This
capability shall exist under the following conditions:

a) each stage pressurized or unpressurized;
b) each stage fueled or unfueled.

The vehicle shall be capable of being transported on the Crawler-Transporter with the
highest wind speed that may occur 99 percent of the time during the strongest wind month.

* The effective weight of the LES represents a reduction in payload put into translunar tra-
jectory due to the LES weight which is carried as part of the spacecraft until some time after
ignition of the second stage of the launch vehicle. The effective weight of the LES shall be
computed by dividing the LES weight by [12.9]. This number is approximately the ratio of the
space vehicle weight at the time of jettison of the LES to the spacecraft weight at the time of
separation of the S-IVB from the spacecraft.

T-- -nTnr _'-" __
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The reference design wind speeds at the launch site shall be as specified in Appendix A-3.

4.1.3.2 Ignition Loads The vehicle shall be designed to resist the dynamic loads resulting

from engine start transients, vehicle release after normal hold down and engine cutoff
transients during the hold down period.

4. 1.3.3 Launch Loads The vehicle shall be structurally capable of being launched in the
highest wind speeds that may occur 99% of the time during the strongest wind month. The
vehicle shall be capable of flight during the launch phase in the quasi steady-state wind
speeds that may occur 95% of the time during the strongest wind month. The reference
design wind speeds shall be as specified in Appendix A-3. The structure shall be capable
of withstanding a maximum thrust acceleration of 5g axial and a maximum qa of [80,000
Kg degrees/meters2] during launch vehicle flight.

4. 1.4 Environmental Requirements

4. 1.4. 1 Natural Environments The design shall be capable of withstanding the natural
environments that might reasonably be expected to occur. These reference conditions
shall be as given in Appendix A-3.

4. 1.4.2 Induced Environments The vehicle shall be designed so that all components and

subsystems shall operate properly when exposed to the vibration, shock, noise, tempera-
ture, pressure and radio frequency environments resulting during the normal operation of
the vehicle and its subsystems while performing its mission.

4. 1.4.3 Outer Space Environments The space vehicle shall be designed so that there is
a 99.9% probability of not having meteoroid penetration result in having to abort the mission
during exposure to the meteoroid environment as indicated in Appendix A-3.

4. 1.5 Stability and Control Requirements

4. 1.5.1 The minimum lift-off thrust to weight ratio for the complete vehicle including

payload shall be 1.25.

4. 1.5.2 Maximum angle of attack shall __._.degrees during first stage flight.

4. 1. 6 Launch Interface Requirements

4. 1.6. 1 Provisions shall be made to allow remote checkout, testing and conditioning by
the checkout computers at the vehicle assembly buildings.

4.1.6.2 The vehicle shall be capable of being fueled, conditioned and checked out inhours

on the launch pad. The vehicle shall be capable of being launched inhours after a hold

that requires draining on the launch pad.

4. 1.6.3 The vehicle shall be capable in the loaded condition of hours standby time.
This includes propellant topping on the pad before launch.

4. 1.6.4 Service access to the vehicle shall be provided by ramps from the umbilical
tower to each of the interstage areas, the intertank area of the S-IC, the LEM, and the
CM.

4. 1.6.5 The space vehicle shall weigh no more than 600,000 pounds when unloaded for

transporting on the crawler-transporter.

- _ .... - ,
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4.2 Launch Vehicle

4.2. 1 General

4.2. 1. 1 To perform the primary mission as stated in section 3.2, the Saturn V Launch
Vehicle shall consist of three stages and an Instrument Unit as described below.

a) First Stage (S-IC) The S-IC Stage shall be 396 inches nominal diameter, 137 to 139
feet in length and powered by five F- 1 engines with a total sea level thrust of 7,500,000
pounds. Propellants shall be liquid oxygen and RP-1.

b) Second Stage (S-II) The S-II Stage shall be 396 inches nominal diameter, 80 to 82

feet in length and powered by five J-2 engines with a totalnominal vacuum thrust of

I,000,000 pounds. Propellants shall be liquid oxygen and liquid hydrogen.

c) Third Stage (S-IVB) The S-IVB Stage shall be 260 inches nominal diameter, 58 to 60

feet in length and powered by one J-2 engine with a total nominal vacuum thrust of

200,000 pounds. Propellants shall be liquid oxygen and liquid hydrogen.

d) Instrument Unit The Instrument Unit shall be cylindrical in shape with a nominal
diameter of 260 inches and a length of three feet. This unit shall contain the stabilized
platform, guidance and control computers, instrumentation and measuring equipment,
sequence selector, command receiver and decoder, antennas and power supplies as-

sociated with the overall launch guidance, control and instrumentation.

4.2.1.2 Operational Modes The normal operational mode shall be suborbital start of
the S-IVB, followed by coast in earth parking orbit, and then restart of the S-IVB to
provide the velocity required for injection into lunar transfer trajectory. As design ob-
jectives the launch vehicle shall be capable of achieving the required lunar transfer
trajectory using the following conditions:

a) Orbital start of the S-IVB with the first two stages carrying an off-loaded S-IVB
with its payload to earth orbit.

b) One engine out in the S-IC after the time of maximum q.

c) One engine out in the S-II from the time of ignition.

As a requirement the design of the first two stages shall be such that with the addition
of hardware these two stages shall be capable of carrying payloads to earth orbits that
require restart in the second stage.

4.2. I.3 Payload Capability. The Saturn V Launch Vehicle shall be capable of boosting

the following net payloads at injection into the [72 hour] lunar transfer trajectory. Net
payload consists of all weight at the time of injection forward of the Instrument Unit

including the effective weight of the Launch Escape System.

a) 90,000 pounds using the normal operational mode.

b) 82,500 pounds using the design objectives of either orbital start of the S-IVB or
engine out operation of the S-II stage from the time of ignition.

As a design objective these payload capabilities shall be increased to:

a) 97,500 pounds for the normal operational mode.

b) 90,000 pounds for the design objectives of either orbital start of the S-IVB or engine
out operation of the S-II stage from the time of ignition.
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4.2.2 Structural Design Requirements

The structural design requirements on the launch vehicle shall be as described in
section 4.1.3.

4. 2.3 Propulsion and Reaction System

4.2.3.1 S-IC Stage

4.2.3. 1. 1 The S-IC Stage propulsion shall provide a nominal sea level thrust of
7,500,000 pounds and a minimum sea level value of specific impulse of 260 seconds.

This thrust shall be provided by five F-1 engines. Four of these engines shall be
equally spaced on a circle and shall be gimballed for thrust vector control. The fifth

engine shall be mounted on the centerline of the stage and shall be non-gimballed.
Automatic emergency engine cutoff shall be provided for all engines. Normal engine
shutdown shall be initiated by propellant level sensors.

Propellants for this stage shall be RP-1 and liquid oxygen. The propellant loading for
this stage shall be based on an optimization which assumes five engine operation; how-
ever, as a design objective, the stage shall be capable of utilizing a one-engine-out
condition after the time of maximum q. The propellant tank capacity and propellant
loading shall be as indicated in the Apollo weight control authorization document.

4.2.3. 1.2 Solid propellant retrorockets shall be provided for stage separation.

4.2.3.1.3 Unused propellants resulting from mixture ratio shift shall be kept below
30,000 pounds.

4. 2.3.2 S-II Stage

4.2.3.2. 1 The S-II Stage propulsion shall provide a nominal vacuum thrust of 1,000,000
pounds and a minimum vacuum specific impulse of 424 seconds. The thrust shall be
provided by five J-2 engines. Four of these engines shall be equally spaced on a circle
and shall be gimballed for thrust vector control. The fifth engine shall be mounted on
the centerline of the stage and shall be non-gimballed. Automatic emergency engine
cutoff shall be provided for all engines. Normal engine shutdown shall be initiated by
propellant level sensors or from the vehicle guidance system.

Propellants for this stage shall be liquid hydrogen and liquid oxygen. The propellant
loading for the stage shall be based on an optimization which assumes five engiue
operation; however, as a design objective the stage shall be capable of utilizing a one-
engine-out condition. The propellant tank capacity and propellant loading shall be as
indicated in the Apollo weight control authorization document.

4.2.3.2.2 Solid propellant retrorockets shall be provided for stage separation.

4.2.3.2.3 Solid propellant ullage rockets shall be provided for stage ignition.

4.2.3.2.4 A propellant utilization system shall be provided which shall maintain the
mixture ratio between 4 to 6. Unused propellants resulting from mixture ratio shift
shall not exceedpounds.

4. 2.3.3 S-IVB Stage

4.2.3.3. 1 The S-IVB Stage propulsion shall provide a nominal vacuum thrust of
200,000 pounds and a minimum vacuum specific impulse of 424 seconds. The thrust



shall beprovidedby oneJ-2 enginewhichshall be locatedon thestagecenterlineand
shall begimballed. Automaticemergencycutoff shall beprovided. Normal engine
shutdownshall be initiated from the vehicleguidancesystem. Thesystemshall be
capableof multiple restart. Propellantsfor this stageshall be liquid hydrogenand
liquid oxygen. Boil-off shall be less than___poundsof propellantfrom thetime of
insertion into theearthparkingorbit until shutdownafter thesecondburn of the
S-IVB, a maximumof [6] hours. Thepropellanttankcapacityandpropellantloading
shall beas indicatedin theApolloweightcontrol authorizationdocument.

4.2.3.3.2 Anauxiliary propulsionsystemwhich is thereactioncontrol systemshall
beusedfor attitudecontrol duringcoast;duringCM/SMturn aroundanddock;for roll
stabilizationat all times; andfor ullagepropulsionrequirementsof the mainS-IVB
engine. This systemshall becapableof stabilizingthespacevehicleafter the time of
insertion intoearthorbit for___hours.Propellantsfor this systemshall bestorable
hypergolicMMHandN204 Thepropellanttankcapacityandpropellant loadingshall be
as indicatedin theApolloweightcontrolauthorizationdocument.

4.2.3.3.3 Meansshall beprovidedto retro theS-IVBafter separationfrom the
spacecraft.

4.2.3.3.4 As a designobjective, athird burnof theS-IVBshall beusedafter separa-
tion from thespacecraftto obtainescapevelocityto preventreentry into the earth's
atmosphere. If this designobjectiveis achieved,the requirementto retro theS-IVB
maybemodified.

4.2.3.3.5 Solidpropellantullagerocketsshall beusedfor ventingpropellantgases.

4.2.3.3.6 A propellantutilization systemshall beprovidedwhichshall maintainthe
enginemixture ratio between4 and6. Unusedpropellantsresulting from mixture
ratio shift shall not exceed1000pounds.

4.2.4 StageSeparation

The short coastmodeshall beusedto separateall stagesof the SaturnV Launch
Vehicle. Thedesignshall besuchthat separationshall occurwith thecritical combination
of twosigmaenginethrust decayvariation, enginedynamicthrust vector deviations,retro
andullagemotor static anddynamicmisalignments,aero-dynamicdisturbancesandone
retro andoneullagemotor outconditions.

4.2.5 Guidance and Control System

The guidance and control system of the Launch Vehicle shall meet the requirements
given in section 4. 4.

4. 2.6 Tracking Subsystem

The Launch Vehicle shall contain transponders for use with the ground tracking
stations. Requirements for these equipments are presented in section 4.5.

4. 2.7 Telemetry

Each stage of the Launch Vehicle and the Instrument Unit shall contain a telemetry
system. Requirements for these systems are presented in section 4.5.



4.2.8 Ground-to-SpaceData Subsystem

The receiving equipment for the Ground-to-Space Data System shall be located in
the Instrument Unit. Requirements for this equipment are presented in section 4.5.

4.2.9 Emergency Detection Subsystem

To be included in a later edition.

4.2.10 Command Destruct Subsystem

The Launch Vehicle shall contain two separate systems f_r emergency flight termina-
tion on each stage. These systems shall be compatible with the AFMTC flight termination
system requirements. Requirements for these systems are presented in section 4.5.
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4.3 Spacecraft

Thespacecraftsubsystemspecificationsarepresentedin twogroupsin this section. Sec-
tion 4. 3.1 presentsoverall requirementsfor the spacecraftandtheindividualmodules. Section
4.3.2 through4.3.10 cover therequirementsimposedon individualspacecraftsystems. The
systemdesignpolicy for thespacecraftshall be in accordancewith section2.2

4.3.1 FunctionalRequirements

To perform theprimary missionas statedin section3.2, the ApolloSpacecraftshall
consistof a CommandModule(CM), a ServiceModule(SM), a Lunar ExcursionModule
(LEM), a LaunchEscapeSystem(LES), andanAdapter. Thespacecraftshall weighnomore
than90,000pounds(includingtheeffectiveweightof the LES)whenloadedto providea mini-
mummarginof 10percentover theminimumvelocity incrementsindicatedin the Velocity
IncrementBudgetin AppendixA-2. As a designobjective, it shall becapableof beingoff-
loadedto 82,500pounds(includingtheeffectiveweightof theLES)andprovidea marginof 10
percentoverthe minimumvelocity incrementsindicatedin AppendixA-2.

The CM, LEM and spacesuitsandtheir equipmentsshall bedesignedto minimize
thefire hazardinherentin theuseof a pure oxygenatmosphere.

4.3.1.1 Command Module The Command Module shall be the spacecraft command center
where crew-initiated control functions shall be performed. It shall contain a pressurized
cabin to accommodate three astronauts and the systems necessary for crew support, guid-

ance, navigation, control, and recovery of the spacecraft. Those components and systems
not required by the CM after the CM separates from the SM for re-entry into the earth's
atmosphere may be physically located in the SM. The CM systems shall allow the CM to

perform the functions stated below.

4.3.1.1.1 The CM shall be used for controlled re-entry into the earth's atmosphere and

be capable of surviving either a land or water landing.

4.3.1.1.2 The CM/SM shall be used for docking with the LEM and allow the transfer of
two crew members to the LEM within the controlled environment of the spacecraft.

4.3.1.1.3 The CM shall allow a crew member with spacesuit and back pack to exit into

space and to enter the CM from space without assistance from any other crew member
when the CM is not docked to the LEM.

4.3.1.1.4 The CM shall be designed such that a single crew member can return the CM

safely to earth from any point in the mission profile.

4. 3.1.1.5 The CM shall be designed such that a single crew member while in lunar orbit

can perform all essential CM operations for at least seven days.

4.3.1.1.6 The CM/SM and its crew member shall have the capability of rendezvous with
the LEM and rescue of the LEM crew in lunar orbit. The capability shall not be limited

in any way by CM/SM guidance and control capability; the only limitation shall be SM pro-
pulsion available for rescue.

4.3.1.1.7 Egress of the crew with spacesuit and back pack from the CM shall be possible
for the purpose of in-flight maintenance, inspection and servicing of equipment external to
the cabin.

4.3.1.2 Service Module The Service Module shall have the capability of providing all

spacecraft propulsion and reaction control needs from lunar transfer injection until SM
separation prior to re-entry into the earth's atmosphere except for LEM separation,
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landing and return to lunar orbit. In addition, the SM shall have the capability of providing
the propulsion and reaction control needs for aborts after jettison of the LES. The SM
shall provide propulsion and reaction control system needs for the following:

a) Translation and rotation of the CM/SM for docking with the LEM.
b) Attitude Control of the entire spacecraft and the CM/SM.
c) Insertion into and boost out of lunar orbit.

d) Velocity increments for midcourse corrections.
e) Rendezvous with the LEM in lunar orbit.

f) Abort at any time after jettison of LES.

4.3.1.3 Lunar Excursion Module The Lunar Excursion Module (LEM) shall be composed
of two stages. The upper stage shall be the launching stage and shall contain a command
center where crew-initiated control functions shall be performed during the lunar landing,
lunar stay and return to lunar orbit portion of the mission. It shall contain a pressurized
cabin to accommodate two astronauts and the systems necessary for crew support, guid-
ance, navigation, control, lunar descent, exploration and return to the CM/SM in lunar

orbit. The launching stage propulsion and reaction control systems shall have the capa-
bility of providing all LEM propulsion and reaction control needs for launch from the lunar

surface to lunar orbit and rendezvous and dock with the CM/SM. The reaction control sys-
tem shall also supply the reaction control needs during separation from the CM, descent
for terminal landing, hover, translation and landing on the lunar surface.

The lower stage shall be the landing stage and shall contain the landing aids, landing gear,
components and systems not required for the return to lunar orbit and rendezvous, and the

landing propulsion system. This propulsion system shall have the capability of providing
all LEM propulsion needs for separation from the CM, descent for terminal landing, hover,
translation and landing on the lunar surface.

The systems of both stages shall allow the LEM to perform the functions stated below.

4.3.1.3.1 The LEM shall be capable of carrying to the lunar surface a minimum of 215
pounds of scientific equipment and two astronauts for lunar surface exploration and re-
turning to the CM a minimum of 80 pounds of this equipment and/or samples and the
crew.

4.3.1.3.2 The LEM shall provide the necessary support for the operation and control of

the scientific equipment and the processing and transmitting of scientific data. The inter-
face with the scientific payload in terms of allowable weight, available space, electrical
power requirements, thermal control requirements, impedance levels, etc., shall re-
main essentially invariant from mission to mission and payload to payload for initial
missions.

4.3.1.3.3 The LEM shall be capable of carrying out initial missions on the lunar surface

of at least 24 hours duration with 24 hours reserve for contingency during any phase of
the lunar day-night cycle. For initial missions, however, no one mission or spacecraft
shall be required to accommodate the environmental extremes of both day and night oper-
ations.

4. 3.1.3.4 The LEM shall be capable of performing a controlled soft landing and take-off
at any point in the landing area where the lunar surface characteristics, such as slope,
protuberances, bearing strength, etc., fall within range of the surface conditions speci-
fied in the lunar model for Apollo mission. This model is presented in Appendix A-3.

4. 3.1.3.5 The LEM shall be the primary vehicle for effecting rendezvous and dock with
the CM in lunar orbit. It shall be designed to permit docking with the CM and allow the

transfer of the crew to the CM within the controlled environment of the spacecraft.
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4.3.1.3.6 It shall bepossiblefor theLEM crew to effectanentry into the CMwithout
benefitof a harddock(in theeventof difficulty with docking)or theactiveparticipation
of the crewmemberin the CM. It shall also be possible for the CM crew member to
effect an entry into the LEM without benefit of a hard dock, or the active participation of
the LEM crew.

4.3.1.3.7 The Landing Stage shall act as the launch platform for the Launching Stage on
the lunar surface. The Landing Stage shall have the capability of being staged at any
time during descent to allow the launching stage to return the crew to the CM/SM in orbit.

4.3.1.3.8 The LEM shall allow a single crew member to perform all essential functions
associated with lunar landing, take-off, rendezvous and dock.

4.3.1.3.9 The LEM shall allow unassisted crew exit into and entry from space when

docked to the CM and to lunar surface when landed. The LEM shall be designed to per-
mit one crewman to effect an unassisted rescue of another on the lunar surface.

4.3.1.3.10 Egress of the crew, equipped with spacesuit and back pack, from the LEM shall
be possible for the purpose of in-flight maintenance, inspection, and servicing of equip-
ment external to the cabin.

4. 3.1.4 Launch Escape System The Launch Escape System (LES) shall have the capability
of providing the propulsion required to propel the CM to a safe distance from the launch
vehicle when the space vehicle is on the launching pad and during first stage burning, sepa-

ration and ignition of the second stage and during__seconds burning time of the second
stage.

4. 3.1.5 Adapter The Adapter shall be the structural element connecting the spacecraft to
the launch vehicle during launch and injection into the translunar trajectory. It shall per-
mit access to the LEM for prelaunch checkout and conditioning.

4.3.2 Structure

The individual modules, LES, Adapter and the complete spacecraft shall be designed to
meet all requirements of section 4.1.3. The required strength shall not be dependent on pres-
surization of the propellant tanks, and, as a design objective, propellant temperature shall be
maintained within the proper range without the use of active temperature control systems. *

The available volume for unrestricted crew movement within the crew cabins shall

produce no significant loss in the functional capability of the crew.

Minimum interior dimensions shall allow the crew members to move about while wear-

ing inflated pressure suits.

4.3.2.1 Command Module The CM shall have a nominal diameter of 13 feet and the length

shall fall within 11 and 13 feet. The structure shall provide a protected pressurized vessel
to house 3 astronauts and equipment. It shall carry the required heat shield and provide the
aerodynamic shape required for re-entry and meet the following requirements with suffi-
cient margins of safety.

4.3.2.1.1 The structure shall be designed for the impact decelerations of landing and
keep the forces transmitted to the astronauts to less than __g perpendicular to the
couches and __g parallel to the couches. For land landing, the surface characteristics

* Active temperature control systems as used here include all temperature control systems
with moving parts or systems that require special orientation with respect to the sun.
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shall be considered to be equivalent to those of a concrete runway with landing area surface
winds equivalent to the 99% values of Appendix A-3o For water landings, the structure
shall be water tight and capable of floating for a minimum of seven days in ocean envi-
ronments corresponding to sea state 6 with surface winds of___knots. The structure
shall be such as to allow the CM to float in a position for exiting the crew independent of
the landing orientation.

4.3.2.1.2 The structure shall be designed to withstand the effects of abnormal re-entry
determined by the following trajectories: (1) A re-entry corridor with the normal under-
shoot boundary of a -7.5 degree entry-flight-path angle in the case where the initial pullout
maneuver has been completed too early resulting in a 20g deceleration load; (2) A re-entry
corridor having an earth entry-flight-path angle of [-9] degrees for the undershoot bound-
ary which results in a 20g deceleration load during the initial pullout phase.

4.3.2.1.3 The structure shall be designed to provide window area located so as to allow

the rendezvous and docking to be performed by the CM using direct optical means.

4.3.2.1.4 The structure shall provide an aerodynamic configuration giving a lift-drag
ratio (L/D) equal to 0.5 at a Mach number of__.

4.3.2.1.5 The structure of the pressure vessel shall contain space to allow at least one
crew member at a time to stand erect or lie flat.

4.3.2.1.6 The CM structure shall be capable of withstanding the thrust loads encountered
in using the LEM for spacecraft abort propulsion.

4.3.2.2 Service Module The Service Module shall have a nominal diameter of 13 feet and a

length of 12 to 14 feet.

The structure shall provide for the transmission of the primary spacecraft propulsion sys-
tem thrust loads and meet the space vehicle structural requirements in section 4.1.3.
The SM structure shall be capable of withstanding the thrust loads encountered in using the
LEM for spacecraft abort propulsion.

4.3.2.3 Lunar Excursion Module The Lunar Excursion Module shall have a nominal diam-

eter of__feet and a length of__to__feet not including the landing gear legs. In addition
to meeting the requirements for the nominal mission, the LEM structure shall be capable of
transmitting the thrust loads encountered in using the LEM for spacecraft abort propulsion
before the LEM separates from the CM. The structure of the LEM stages shall meet the
requirements given below.

4.3.2.3.1 Lunar Launch Stage The structure shall provide a pressurized vessel of__
cu. ft. minimum to house two astronauts and equipment, provide for the transmission of

the lunar launch propulsion system thrust loads and meet the following requirements:

The structure shall be designed for lunar landing impact of [4] earth g vertical and [1]
earth g lateral.

The design shall allow for lunar lift-off with a [30] degrees tilt of the landing stage from
the vertical.

The structure shall be designed to provide window area located so as to allow the lunar
landing, docking and rendezvous to be performed using direct optical means.

4.3.2.3.2 Lunar Landing Stage The structure shall provide a suitable lunar landing gear
and provide for the transmission of the lunar landing propulsion system thrust and keep



thetransmittedforcesto theLunar Launchstageto less than[4] earthg vertical and
[1] earthg lateral underthefollowingconditions:

Lunarsurfacecharacteristicsas describedin AppendixA-3 (rocks, dust, slope,
bearing, strength, etc.).

Maximum[10] ft/sec verticalvelocity, [5]ft/sec horizontalvelocitywith mainengine
thrust zero, with a maximumfinal approachangleof___degreeswith respectto the
surface.

4.3.2.4 Launch Escape System The LES shall have a nominal diameter of__feet and a
length of__to__feet. The structure shall provide for the transmission of the LES pro-
pulsion thrust loads and meet the space vehicle structural requirements in section 4. 1.3.

4.3.2.5 Spacecraft Adapter The Adapter shall have a nominal top diameter of 13 feet
and a length of 27 to 29 feet. The structure shall provide for the transmission of the
earth launch loads to the spacecraft and meet the space vehicle structural requirements
in section 4. 1.3.

4.3.3 Propulsion and Reaction System

4. 3.3. 1 Command Module The CM reaction control system shall be used only after
jettison of the SM. It shall effect the attitude control required by the CM during the re-
entry phase and during launch abort. The reaction control system shall have complete
redundant capability. The engines shall be capable of operating in both a pulsed mode
and a continuous mode. The thrust of each engine shall be 100 pounds and the minimum
specific impulse shall be 300 seconds when operated for periods exceeding one second.
When operating in the pulsed mode each engine shall provide an impulse of__pound
seconds for each pulse with the 3a variation not exceeding___pound seconds. The engines
shall provide a minimum of [200] seconds reliable operating time.

The propellants shall be earth-storable hypergolics and shall be pressure-fed to the
engines using a positive expulsion system. The propellant tank capacity shall be as in-
dicated in the Apollo weight control authorization document.

4. 3.3.2 Service Module The SM propulsion and reaction control system shall supply the
spacecraft velocity increments as indicated in the Velocity Increment Budget given in
Appendix A-2.

4.3.3.2. 1 There shall be two propulsion systems in the Service Module. The first
is the main propulsion system which shall supply all required velocity increments in
excess of__ft/sec. This system shall consist of one pressure-fed engine that is gim-
balled and located on the centerline of the vehicle. It shall be capable of__restarts.

This engine shall have a nominal thrust of 21,900 pounds and a vacuum specific im-
pulse of__seconds. The 3a variation in thrust shall not exceed__pounds and in
specific impulse shall not exceedseconds. At cutoff, the thrust shall drop to 5%
of its initial value in__to__seconds. The total impulse capability of this propulsion

system shall be a minimum of pound seconds.

The propellants shall be earth storable hypergolics and shall be pressure-fed to the

engines. The propellant tank capacity shall be as indicated in the Apollo weight
control authorization document. Ullage propulsion requirements of this system shall
be supplied by the reaction control system.
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The second propulsion system is the reaction control system which shall supply all
required velocity increments of__feet/second or less. It shall effect the attitude

control of the SM/CM/LEM spacecraft configuration and the SM/CM spacecraft con-
figuration. The reaction control system shall have complete redundant capability.
The engines shall be capable of operating in both a pulsed mode and a continuous

mode. The thrust of each engine shall be 100 pounds and the minimum specific im-
pulse shall be 300 seconds when operated for periods exceeding one second. When
operating in the pulsed mode, each engine shall provide an impulse of__pound
seconds for each pulse with a 3avariation not exceeding__pound seconds. The engine
shall provide a minimum of__seconds reliable operating time.

The propellants for this system shall be the same as for the main propulsion system
and shall be pressure-fed to the engines using a positive expulsion system. As a
design objective, propellants in the main engine tanks shall be transferable to the
reaction control system. The propellant tank capacity shall be as indicated in the
Apollo weight control authorization document.

4.3.3.2.2 A propellant utilization control system shall be provided. Unused pro-

peUants resulting from mixture ratio shift shall not exceed 0.5% of the initial pro-
pellant weight.

4.3.3.3 Lunar Excursion Module The Lunar Excursion Module propulsion system shall
supply the velocity increments indicated in the Velocity Increment Budget given in appen-
dix A-2. The LEM shall be composed of two stages: a ianding stage and a launching
stage. The propulsion systems for these stages are presented below.

4.3.3.3. 1 Lunar Landing Stage (This section will be included in a later issue of the
specification. )

4.3.3.3.2 Lunar Launching Stage (This section will be included in a later issue of the
specification. )

4.3.3.4 Launch Escape System

4.3.3.4. 1 The Launch Escape System propulsion system shall supply the propulsive

needs to safely separate the CM from the Launch Vehicle during first stage burning if
required and supply the propulsion to separate itself from the CM after ignition of the
second stage of the Launch Vehicle. It shall meet the following requirements:

a) While the vehicle is on the pad, the LES shall be capable of lifting the CM off
the Launch Vehicle to an altitude of 4000 feet and a lateral range of 3000 feet or
greater. In the first second, it shall be capable of moving the CM a distance of
125 feet or more.

b) During the first stage flight, the LES shall be capable of separating the CM to a
range of__feet in__seconds at all times including the time of maximum dynamic
pressure.

4.3.3.4. 2 The Launch Escape System shall contain three propulsion systems. The
first is the main propulsion for separating the CM from the Launch Vehicle. It shall
consist of a solid propellant motor. The engine shall provide an initial nominal thrust
of__pounds and be regressive in such a manner to reduce the thrust to__pounds before
tail off.

The second propulsion system shall provide thrust in a fixed direction oriented to

assure stable conditions during the operation of the main propulsion system.

............. ] Jl
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The third propulsion system provides the propulsion requirements to separate the LES
from the Command Module after second stage ignition or after the main propulsion
system has functioned.

4.3.4 Guidance and Control System

Two separate guidance and control systems shall be used on the spacecraft. The
first shall be primarily for the guidance and control of the SM/CM/LEM and the SM/CM

spacecraft configuration. Parts of this system shall be used for the control of CM during
re-entry. This system shall be located in the CM; however, components not required for
re-entry, and which need not be accessible to the crew for normal operation, may be lo-
cated in the SM. The second system shall be used for the guidance and control of the LEM

and shall be physically located in the LEM. The two systems shall use identical hardware
wherever their requirements permit. Requirements for these systems are presented in
section 4.4.

Two transponders shall be located in the spacecraft. One shall be located in the
CM/SM and one in the LEM. These shall give the capability of tracking both the CM and

LEM from earth. Systems shall also be provided for tracking the CM from the LEM and,
as a design objective, for tracking the LEM from the CM. Requirements for these systems
are presented in sections 4. 4, 4. 5 and 4.8.

4.3.5 Communication System

Two separate communication systems shall be used on the spacecraft. The first
shall be for two-way voice and data transmission between the Command Module and earth

and between the Command Module and the LEM. This system shall be physically located
in the CM and SM. The second shall be for two-way voice and data transmission between
the LEM and earth and between the LEM and the CM. Portions of this system shall also
be used to relay two-way voice between the astronauts on the lunar surface to earth and to

the Command Module. This system shall be physically located in the LEM. Requirements
for these systems are presented in section 4.5.

4. 3.6 Operational Instrumentation System

(This sectionwill be included in a later issue of the specification. )

4.3.7 Scientific Instrumentation System

(This section will be included in a later issue of the specification. )

4.3.8 Re-entry and Earth Landing System

The Re-entry and Earth Landing System of the Command Module consists of a para-
chute system, a heat shield system and an impact attenuation system. These systems shall
permit a controlled re-entry using atmospheric braking In an entry corridor determined
primarily from crew safety considerations. The entire system shall be made automatic.
The allowable entry-flight-path angles are -5.3 degrees for the overshoot boundary of the
corridor and -7.5 degrees for the undershoot boundary. The maximum allowable de-
celeration shall be 10g during normal re-entry.

During the re-entry, energy management and range control shall be accomplished
by controlling the direction of the lift vector. The Command Module shall have a Lift-Drag
ratio of 0.5 at a Mach number of___with a fixed angle of attack. Directional variation of the
lift vector shall be accomplished by control of the vehicle's roll attitude with the reaction
jets. The parachute system shall be deployed for terminal landing and shall be capable of
landing the CM at less than 30 ft/sec impact velocity on water and on land at altitudes up to

,,] ..... |ll
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5000feet. As a designobjective, theparachuteshall becontrollablefor selectingthe
landingpointon land.

4.3.9 Life Support Systems

The Life Support Systems shall be designed to meet the requirements listed under
section 4.3. 1 and the following paragraphs.

4. 3.9. 1 Crew Provisions and Equipment

4.3.9. 1. 1 Command Module/Service Module The CM/SM shall be equipped with a

non-regenerative life support system, including food and water, adequate for [42] man-
days operation without resupply.

In addition, the CM shall provide a survivable environment and necessary provisions
for three men for [7] days after landing on earth or water.

4.3.9. 1. 1. 1 Water The fuel cell in the SM shall be the primary source of potable
water for the CM crew during all phases of the mission. In addition, a [3] day
supply of potable water shall be provided in a removable container in the CM at
launch and held in reserve for survival requirements.

Provisions shall be made to collect and purify water from other sources (e. g., cabin
atmosphere, etc. ) and to store it separately from the water supplied by the fuel cell.

4.3.9. 1. 1.2 Sleep/Rest Arrangements The CM shall be designed to accommodate
one crewman sleeping or resting in a prone position during the flight.

4.3.9. 1.2 Lunar Excursion Module The LEM shall be equipped with a non-regenera-
tive life support system, including food and water, adequate for two men for a minimum
of [3] days without the use of separately landed support.

4.3.9. 1.2. 1 Wate______rWater required for consumption, cooling, and other needs shall
be obtained from the CM reserves prior to LEM separation. Arrangements shall be
made for storage, heating, and cooling of water.

4.3.9. 1.3 Spacesuits Each crewman shall be equipped with one full-pressure space-
suit, designed to protect the astronaut against the conditions of lunar and space en-

vironments listed in Appendix A-3, and to satisfy the environmental control require-
ments listed in section 4.3.9.2. 1. The spacesuit shall:

a) incorporate required biophysical sensors;
b) provide for collection of body wastes;

c) be designed for operation with the environmental control systems of the CM, LEM,
or back packs, and have quick connect and disconnect capabilities;
d) as a design objective, permit the reading of displays and operation of controls with
no impairment over "shirtsleeve" operation;
e) provide sufficient mobility to permit the crewman to perform all functions essential
to mission success; and
f) permit donning, without assistance, in__minutes.

4.3.9. l. 4 Portable Life Support Systems (Back Packs) A total of four (4) back packs
shall be provided (one for each crew member plus one spare). Each back pack si_all
provide life support for extra-vehicular spacesuit operation to meet the environmental
requirements given in section 4.3.9.2. ].

The extra-vehicular life support shall allow 4-hour periods of continuous separation
from the LEM (two hours normal plus two hours contingency) for each crewman.

..... l ....
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For initialmissions, a total of 20-man hours of extra-vehicular operation on the lunar

surface shall be possible per mission. The back packs shall be rechargeable from the
environmental control systems inside the CM, inside the LEM, and outside the LEM

while the crewman is standing on the lunar surface.

The total earth weight of spacesuit, back pack, and other clothing to be worn by a
crewman at any one time shall not exceed__pounds.

4.3.9. 1.5 Crew Support and Restraint The support and restraint system in the CM
and LEM shall:

a) provide adequate crew protection against all anticipated acceleration vectors
including impact on land and water;
b) be adjustable for comfort, -visibility, and accessibility to controls; and
c) accommodate any member of the crew wearing a spacesuit pressurized or non-
pressurized.

4.3.9. i.6 Sanitation and Personal Hygiene A system for collection and disinfection

of biological excretions shall be provided in the CM and in the LEM.

Precaution shall be taken to minimize contamination of the lunar surface by the Apollo
crew or equipment. Biological wastes of the crew shall not be allowed to become a
free residue in space or on the lunar surface. An effective method of confinement or

sterilization prior to disposal on the lunar surface or in space shall be employed.

There shall be no requirement for sterilization of the Apollo spacecraft or launch
vehicles, i.e. no requirements for sterile assembly of subsystems, no requirements

for resistance to ethylene oxide, heat cycles, or other common techniques for reducing
the number of viable micro-organisms.

4.3.9. 1.7 Medical Supplies The CM and LEM shall be equipped with first aid equip-
ment and medical supplies for treatment of injuries.

4.3.9. 1.8 Bio-medical Instrumentation Equipment shall be provided to measure the

following physiological parameters of each crewman on board the CM and LEM during
the mission:

(a) (d)
(b)

(c) (n)

At least [one] of the parameters shall be recorded and telemetered in real time during
stressful mission phases. The remaining parameters shall be monitored and recorded
on board the spacecraft.

4.3.9. 1.9 Radiation Dosimeter Each crew member shall be equipped with an accurate,
direct-reading, radiation dosimeter. The dosimeter shall register accumulated dosage
and have a suitable warning device.

4.3.9.2 Environmental Control Systems The CM/SM and LEM Environmental Control

Systems shall provide a conditioned atmosphere for the crews during manned phases,
thermal control of all equipment where needed, connections for the space suits, and
arrangements for recharging the portable life support systems.

4.3.9.2. 1 Atmospheric Control Systems Leak rates of space suits, the CM, and the
LEM shall be kept to a minimum in order to avoid significant contamination of the lunar
and space environments.
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Total atmosphericgassuppliesfor theCMandfor the LEMshall exceedthere-
quirements(metabolic+ leakage+ repressurization+ rechargeof backpacks)by
[50]percent. Provisionshall bemadefor connectionof the CMoxygensystemto
the02 supplyof thefuel cell. A separatesupplyof oxygenfor usefrom the start of
re-entry to touchdownshall beprovidedin the CM.

4.3.9.2. 1.1 Circulation and Ventilation Fans and blowers shall be provided for
atmosphere circulation in both the CM and LEM. Air flow shall be manually
variable to a maximum velocity of [100] feet per minute. Post-landing ventilation
of the CM shall be provided.

4.3.9.2. 1.2 Noxious and Toxic Gases/Particles Provisions shall be made in the

CM, LEM, and space suits for the removal of particles, ion control, and the control
of noxious and toxic gases to permissible concentrations. As a design objective,
equipment shall be provided in the CM and LEM for automatic gas analysis.

4.3.9.2.1.3 Command Module/Service Module Requirements The following
atmospheric conditions shall be provided by the CM/SM Environmental Control
Systems:

Total cabin pressure [O2] [5 + 0.2] psia

Leakage rate-max, to vacuum of
[10-6] mm Hg cc/min STP

Relative humidity-max. [70] %
-min. [40] %

Cabin Temperature-max. [80 ] °F
-rain. [70] °F

CO2 Partial Pressure-max. [ 4] mm Hg

In the event of cabin puncture or rupture, the system shall be capable of maintaining
an O2 partial pressure in the cabin of at least 3.5 psia for_ minutes with a hole in
the pressure compartment of 0.5 inches in diameter.

4.3.9.2.1.4 Lunar Excursion Module Requirements The following atmospheric
conditions shall be provided by the LEM Environmental Control System:

Total cabin pressure (O2) 5 + 0.2 psia

Leakage rate-max, to vacuum of

[10-6] mm Hg cc/min STP

Relative humidity-max. [70] %
-min. [40] %

Cabin Temperature-max. [80] °F
-min. [70] °F

CO2 Partial Pressure-max. mm Hg

In the event of cabin puncture or rupture, the system shall be capable of maintaining
a cabin pressure of at least 3.5 psia for_minutes with a hole in the pressure com-
partment of 0.5 inches in diameter.
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4.3.9.2. 1.5 Spacesuit Requirements The following atmospheric conditions shall
be provided in spacesuits under pressure when connected to the CM/SM, or LEM
Environmental Control Systems, or to a "back pack. "

Total Pressure (02) psia

Leakage rate-max, to vacuum of

[10-6] mm Hg [200] cc/min STP

Relative humidity-max. _65]
-min. [40] _o

Temperature-max. 80 °F
-min. 70 °F

CO2 Partial Pressure-max. [7.6] mm Hg

Air circulation shall be variable to a maximum flow rate of
maximum flow resistance of 5 inches of water for each suit.
made to permit individual adjustment of the flow rate.

[12] cu. ft./min, with
Provision shall be

4.3.9.2.2 Thermal Control Systems As a design objective, thermal control of ex-
ternal heat fluxes to the interiors of the CM/SM and LEM shall be passive and a
function of the structural design of the spacecraft and surface finish.

Thermal control of the internal heat load of the CM/SM and LEM shall be passive to

the extent possible. Where the passive system does not meet environmental require-
ments, a circulating coolant system with arrangements for rejection of heat through
space radiators shall be provided.

The cooling systems shall provide thermal control for equipment. No systems, sub-
systems, or components critical to completion of the mission shall be dependent on
the cabin air temperature of the CM or LEM for thermal conditioning.

4.3.9.2.3 Meteoroid and Radiation Protection Protection against meteoroid penetra-

tion and radiation shall be primarily a function of the structure of the spacecraft.
Arrangement of equipment and crew members in the CM and LEM shall be such as to

enhance the structural protection under the environmental conditions listed in Appen-

dix A-3. The overall system shall limit radiation exposure to a maximum of [30]
rems per mission exclusive of solar flares.

4. 3. 10 Crew Systems

4.3.

The criteria governing the design of crew systems shall be as listed under section
1 and as follows:

4.3.10.1 Crew

4.3.10. 1. 1 Crew Complement The Apollo crew shall consist of three male astronauts
selected from a larger trained group.

4.3. 10. 1.2 Crew Structure There shall be an established order of command within

the crew. Responsibility for execution of the detailed mission plan will normally be
delegated to the Crew Commander by the IMCC. Delegation of on-board command re-
sponsibilities shall be made by the Crew Commander on the basis of appropriateness
to mission function.



-- | - 4.3-12

4.3.10. 1.3 Training The system design shall assume that the flight crew under
normal circumstances will perform tasks no more complex than are performed in
flights of high-performance aircraft. The crew shall receive thorough training in the
operation, test, maintenance and repair of on-board equipment and in the operation
and conduct of required scientific experiments.

Each crew member shall be cross-trained to execute adequately all crew functions
essential to survival.

4.3. 10.2 Spacecraft

4.3. 10.2. 1 Displays and Controls Displays and controls in both the CM and LEM

shall be designed to increase the probability of correct crew actions. To accomplish
this, displays and controls shall be designed such that the crew can:

a) assess system status and trend,
b) compare actual with desired conditions,

c) determine and execute appropriate action, when required.

The system shall incorporate the provisions for monitoring and analysis of critical

system functions in such a manner that out-of-tolerance performance can be recognized
and assessed, both on the ground and by the flight crew, utilizing on-board equipment
as required in time for remedial action.

Active warning indicators shall be employed to alert the crew to out-of-tolerance
conditions in all critical subsystems.

Displays and controls for both the CM and the LEM shall be designed to satisfy the
requirements of section 4. 4 and the following:

a) single-man performance of all critical functions in either vehicle is possible.
b) critical functions can be performed by a crewman wearing an inflated pressure
suit.

c) as a design objective, no significant lowering of the probability of mission
success shall occur when crew functions are performed by crewmen wearing in-
flated pressure suits.

The design of controls shall be such that:

a) the astronaut can exercise precise and reliable control over system function.
b) inadvertent operation is precluded.

c) the ratio of probabilities of "successful-control-operation" to "inadvertent-
control-operation" is maximized.

Except where it is beyond the response-time capabilities of the crew, provision shall
be made for manual override of all automatic systems essential to mission success.

4.3.10.2.2 Visual Requirements Illumination within both vehicles shall be sufficient
to allow the accurate reading of all displays. Under all conditions, illumination shall

be sufficient to allow the reading and interpretation of critical displays. The windows
of the CM and LEM shall have the capability for variable light attenuation.
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4.4 Navigation, Guidance and Control

4.4.1 General

The Apollo space vehicle will contain three separate systems which will be located

in the Instrument Unit of the Saturn V Launch Vehicle, in the CM and in the LEM. Each of

the systems will perform the functions of guidance, navigation and control. These systems

will direct the course of the vehicle (guidance), and determine its position in space (naviga-
tion). They will also maintain, at some commanded value, the vehicle attitude and the di-

rection of the thrust vector (control). Stabilizationof the vehicle to prevent excessive oscil-

latory motion in the presence of influences such as disturbing torques or structural bending
is considered part of the control function.

The role of the Launch Vehicle, the CM, and the LEM in the nominal LOR mission

is listed in the following paragraphs.

a) The Launch Vehicle system will provide the functions of guidance, navigation and control
for the Apollo Space Vehicle from Earth launch to Earth orbit. From Earth orbit to com-

pletion of injection into a lunar transfer trajectory, the space vehicle will be commanded
by either the Launch Vehicle or CM system.

b) The CM system will provide these same functions for the spacecraft either beginning
with or after injection into lunar transfer trajectory. It will be used in making the nec-
essary mid-course corrections both while the spacecraft is traveling to the Moon and later
while the spacecraft is returning to the Earth. The CM system will be employed also in
performing the insertion into lunar orbit and the injection from lunar orbit into Earth trans-

fer trajectory. Furthermore, the system will be used for maintaining the correct re-entry
attitude of the CM as it approaches the Earth and directing the maneuvers of the CM after
it re-enters the Earth's atmosphere and nears the landing site.

c) The LEM system furnishes the guidance, navigation and control of this module from its

descent from lunar orbit to touchdown on the lunar surface and again from its launch from
the lunar surface to rendezvous and docking with the CM.

Throughout the mission, the systems on board the space vehicle will work cooperatively
with Earth-based tracking and computation facilities. These facilities will have continuous

information on the vehicle position and velocity which will be furnished the space vehicle in
various phases of the mission as required. The Earth-based facilities will operate also
with the space vehicle systems in other ways such as independently calculating the direction
and magnitude of the desired vector velocity before initiation of engine burns for midcourse
corrections.

For implementing the guidance and navigation functions, each of the three on-board

systems will use an inertial measurement unit and a general-purpose digital computer. The

systems in the CM and LEM also will be equipped with optical instruments and, if necessary,
radars. In addition, the CM and LEM will be operated with crew participation whereas the
operation of the equipment in the launch vehicle will be automatic.

For performing the control function, each of the three systems will use its stabilized
platform which is part of the inertial measurement unit. However, in both the CM and the

LEM, additional body-mounted position gyros will be provided for use when the platform is
not operating. Also, for purpose of vehicle stabilization, rate gyros and accelerometers
(where required) will provide inputs to the control electronics.

4.4.2 Guidance and Control Profile

This section defines the Apollo mission profile from a guidance and control viewpoint.
The mission is divided into the following phases: (1) Earth launch to Earth parking orbit,
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accomplished.Controlof theCM/SMduringthis maneuvershall bebythe crewmembers. As
part of this operation,theS-IVBandtheInstrumentUnit shall bejettisoned.

Whilethespacecraftis travelingalongthelunar transfer trajectory, severalmid-course
velocity correctionswill bemadeto attain thedesiredflight pathto the vicinity of the Moon.
Datafrom opticalmeasurementsmadebythecrewmembersshall beusedbythe CM
digital computerto calculatetherequiredvelocity corrections. Theseresults shall be
checkedbyindependentmeasurementsandcalculationsmadeontheground.

To conserveelectrical power,theIMU in theCMshall normallybein a standbycondition
exceptduringpoweredflight. In-spacealignmentof theIMU prior to poweredflight periods
shall beperformedbythecrewmembersusingtheopticalequipmentin theCM. Attitude
referenceshall beprovidedbytheIMU duringpoweredflight; however,whentheIMU is
in the standbyconditionanda particular attitudeis desired, a body-mountedattitude
reference(threepositiongyros)shall beusedbythecontrol system. This referencesystem,
in conjunctionwith a longitudinalaccelerometer,rate gyros, andtheastronaut'sdisplays
andcontrols, canbeusedalsoas a back-upfor theIMU duringengineburns.

Attitude controlandstabilizationof thespacecraft,from separationof the S-IVB until

separation of the CM from the SM prior to re-entry into the Earth's atmosphere, shall
be provided by the CM control system and the SM reaction control jets. Thrust vector
control shall be provided by the CM control system by positioning the single gimbaled

engine on the SM.

After the last mid-course correction, additional optical measurements shall be made to

up-date trajectory information in preparation for insertion into a circular lunar parking
orbit. These data shall be used by the on-board digitalcomputer to perform the calcula-

tions required for the insertion maneuver. These results shall be compared with measure-

ments and computations by ground facilitiesto determine the best estimate of the initial
conditions for insertion.

4.4.2.4 Lunar Operations While the CM/SM/LEM is in the lunar parking orbit and before

separation of the LEM from the CM, various functions shall be performed in preparation
for LEM descent. The ephemeris of the lunar parking orbit shall be determined, utilizing

both optical measurements from the CM and radar measurements by Earth-based tracking

stations. Optical measurements shall be made by the crew members in the LEM for erection
and coarse alignment of its IMU. Data pertinent to the LEM guidance and control, including

spacecraft ephemeris data and initialconditions for the lunar descent, shall be transferred

from the CM to the LEM digitalcomputer.

After separation of the LEM from the CM, the LEM attitude control system, using the stable

platform of the IMU as a reference, shall properly orient the LEM for descent to the lunar
surface. Commands to ignite the LEM engine and to direct the course of the LEM during
engine burning shall be provided by the LEM guidance system. These commands shall be
calculated by the digital computer utilizing inputs from the IMU, the radar and the optical
landing site selection equipment. When the LEM has reached the hover point, the two
astronauts shall assume manual control for the hover and translation maneuvers and the

descent to the lunar surface. Throughout the descent, it shall be possible to abort the
mission and return to lunar orbit. Also, as a design objective, the LEM shall be capable
of performing a descent from lunar orbit and of soft-landing at a pre-selected landing point
on the lunar surface, without the participation of the LEM crew except, if necessary, for
initial alignment of the LEM IMU prior to separation from the CM.

Prior to launch from the lunar surface, the LEM crew members shall align the IMU
utilizing the optical system. The measurement and computation facilities on the Earth,
in the CM and in the LEM shall be used as appropriate, to determine pre-launch conditions
such as time of launch and refined CM/SM ephemeris data.



(2) Earthparkingorbit to injectioninto lunar transfer trajectory, (3) lunar transfer tra-
jectory, (4) lunar operations,(5) Earthtransfer trajectory, and(6) re-entry.

4.4.2.1 Earth Launch to Earth Parking Orbit The powered flight of the three stages of
the Saturn V launch vehicle (S-IC, S-II and S-IVB), from launch to insertion of the S-IVB/

Spacecraft combination into Earth parking orbit, shall be directed by the launch vehicle
systems. The initial phase of the flight, that powered by the S-IC stage, shall be flown
"open loop" in the guidance sense; that is, the steering commands are given in accord-
ance with a pre-determined program. The following phases, those powered by the S-II
and S-IVB stages, shall be flown with steering commands derived from measurements
and computations by the launch vehicle guidance system. For both the S-IC and the S-II
stages, the engine-cutoff commands shall be initiated by sensors indicating propellant

depletion. The cutoff of the S-IVB stage shall be commanded by the guidance system when
it determines that the vehicle has achieved the proper conditions for the desired orbit.

After cutoff, the Earth-based support system shall verify the attained orbit.

For each of the three stages, stabilization and control shall be provided by the launch
vehicle control system. Roll control and direction of the thrust vector shall be achieved
in the S-IC and S-II by positioning their four gimbaled engines. With the S-IVB, direction
of the thrust vector shall be achieved by positioning the single gimbaled engine, and roll

control shall be provided by the reaction jets. Stability of the vehicle shall be assured by
shaping networks in the control system and rate gyros and accelerometers as required.

4.4.2.2 Earth Parking Orbit to Injection into Lunar Transfer Trajectory While the
S-IVB/Spacecraft is in Earth parking orbit, attitude control shall be provided by the S-IVB
reaction control system. During this period, optical measurements shall be made by the
crew members for alignment of the IMU in the CM for an on-board determination of the
parking orbit parameters. To assure a vehicle attitude suitable for optical measurements,
as a design objective, the launch vehicle control system shall be capable of executing atti-
tude commands generated by the crew in the CM. This capability can be utilized also
after injection into lunar transfer trajectory to provide favorable attitude orientation for
the turnaround and docking maneuver.

Before the second ignition of the S-IVB engine, with the Launch Vehicle system providing

guidance through injection, data stored in the launch vehicle digital computer shall be
evaluated by the ground facilities and up-dated if required. This procedure shall reflect
the best known values of the initial conditions for injection into the lunar transfer tra-

jectory. The launch vehicle system shall be capable, upon command from the ground,
of automatically transmitting and receiving data. The launch vehicle IMU shall not require

realignment after launch.

In event of improper operation of the launch vehicle IMU or computer, as a design objective,

the equipment in the CM shall provide the proper guidance commands for the control system
in the Instrument Unit to permit continuation of the mission.

With the CM system providing guidance through injection, the operation prior to the second

ignition of the SIVB engine shall be similar to those stated before. Exception shall be made
in those cases where crew participation can be used with advantage.

4.4.2.3 Lunar Transfer Trajectory After satisfactory injection of the S-IVB/Spacecraft
into lunar transfer trajectory has been verified by the CM system and ground tracking
and computing facilities, the initial turnaround and docking of the CM/SM shall be

- -IT...... _
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accomplished. Control of the CM SM during this maneuver shall be by the crew members. As
part of this operation, the S-IVB and the Instrument Unit shall be jettls(med.

While the spacecraft is traveling along the lunar transfer trajectory, several mid-course
velocity corrections will be made to attain the desired flight path to the vicinity of the Moon.
Data from optical measurements made by. the crew members shall be used by the CM

digital computer to calculate the required velocity corrections. These results shall be
checked by independent measurements and calculations made on the ground.

To conserve electrical power, the IMU in the CM shall normally be in a standby condition

except durir.g powered flight. In-space alignment of the IMU prior to powered flight periods
shall he performed by the crew members using the optical equipment in the CM. Attitude

reference shall be provided by the IMU during powered flight; however, when the IMU is
in the standby condition and a particular attitude is desired, a body-mounted attitude

reference (three position gyros) shall be used by the control system. This reference system,
in conjunction with a longitudinal accelerometer, rate gyros, and the astronaut's disp "lays
and controls, can be used also as a l_ck-up for the IMU during engine burns.

Attitude control and stabilization of the spacecraft, from separation of the S-IVB until
sel_ration of the CM from the SM prior to re-entry into the Earth's atmosphere, shall
be provided by the CM control system and the SM reaction control jets. Thrust vector
control shall be provided by the CM control system by positioning the single gimbaled
engine on the SM.

After the last mid-course correction, additional optical measurements shall be made to

up-date trajectory inlormation in preparation for insertion into a circular lunar parking
orbit. These data shaLl be used by the on-board digital computer to perform the calcula-
tions required for the insertion maneuver. These results shall be compared with measure-
ments and computations by ground facilities to determine the best estimate of the initial
conditions for insertion.

4.4. |. 4 Lunar Operations While the CM/SM/LEM is in the lunar parking orbit Imd before
separati_0iV]_e LEM from the CM, various functions shall be performed in preparation
for LEM descent. The ephemeris of the lunar parking orbit shah he determined, utilizing
both optical measurements from the CM and radar measurements by Earth-based tracking
stations. Optical measurements shall be made by the crew members in the LEM for erection
and coarse alignment of its IMU. Data pertinent to the LEM guidance and control, tncludlng
spacecraft ephemeris data and initial conditions for the lunar descent, shah be transferred
from the CM to the LEM digital computer.

After separation of the LEM from the CM, the LEM attitude control system, using the stable

platform of the IMU as a reference, shall properly orient the LEM for descent to the lunar
surface. Commands to ignite the LEM engine and to direct the course of the LEM during

engine burning shall be provided by the LEM guidance system. These commands shall be
calculated by the digital computer utillzing inputs from the IMU, the radar and the optical
landing site selection equipment. When the LEM has reached the hover po/nt, the two
astronauts shall assume manual control for the hover and translation maneuvers and the

descent _o the lunar surface. Throughout the descent, it shall be possible to abort the
mission and return to lunar orbit. Also, as a design objective, the LEM shall be capable

of performing a descent from lunar orbit and of soft-landing at a pre-selected landing point
on the lunar surface, without the participation of the LEM crew except, if necessary, for
initial alignment of the LEM IMU prior to separation from the CM.

Prior to launch from the lunar surface, the LEM crew members shall align the IMU

utilizing the optical system. The measurement and computation facilities on the Earth,
in the CM and in the LEM shall be used as appropriate, to determine pre-launch conditions
such as time of launch and refined CM'SM ephemeris data.



The launch and ascent of the LEM into lunar orbit shall be directed by the LEM primary

guidance system. However, an alternate, simple and self-contained means of LEM guid-
ance shall be provided in event of failure of the LEM primary guidance at any time after
lunar landing. Additional provisions for returning the LEM to lunar orbit, which are now
specified as design objectives, are the capability of the CM to radio-guide the LEM into
lunar orbit and the capability of the CM to signal the time of launch to the LEM and sub-
sequently range and track the LEM as an aid to rendezvous.

The LEM shall be the primary vehicle for effecting LEM rendezvous and docking with the
CM in lunar orbit; however, in the event of LEM abort into lunar orbit, the CM and its
crew member shall have the capability for rendezvous with the LEM.

4.4.2.5 Earth Transfer Trajectory After the LEM has docked with the CM and the two
LEM crew members have returned to the CM, the LEM shall be jettisoned and the CM
shall be injected into an Earth transfer trajectory. Guidance, navigation and control used
to achieve the desired return trajectory, including mid-course corrections, shall be per-
formed in the same manner as during the lunar transfer.

4.4.2.6 Re-entry After the last mid-course correction, a nominal attitude program for
controlling the maneuvers of the CM in the Earth's atmosphere to achieve the desired land-
ing site shall be determined by the CM system and verified by Earth-based systems.
Prior to re-entry into the Earth's atmosphere, the SM shall be jettisoned and the reaction

control jets of the CM used to attain the proper re-entry attitude. Steering during re-entry
shall be achieved by controlling the attitude of the CM, thereby controlling the orientation
of its lift vector. Commands to the attitude control system shall be generated by the CM
guidance system. Arrival at the point of parachute deployment completes the guidance,
navigation and control functions.

4.4.3 Design Requirements

Requirements of a general nature which influence the design of the guidance systems
in the Launch Vehicle, CM and LEM are listed in this section. For completeness, the re-
quirements stated in section 4.4.2 are incorporated with other basic requirements to form
this section.

4.4.3.1 Data from on-board measurements pertinent to guidance and navigation shall be

transmitted to Earth-based facilitiesto perform computations that are the same as those per-

formed on the space vehicle. Results of on-board computations shall be transmitted to
Earth-based facilitiesfor evaluation and/or verification. Independent Earth-based meas-

urements and computations shall be used in evaluation and verificationprocedures.

4.4.3.2 As a design objective, provisions shall be made for the CM guidance system to
act as the back-up for the launch vehicle digital computer and IMU after insertion into
Earth parking orbit. In this mode, the CM guidance system shall provide the proper
guidance commands for the control system in the Instrument Unit.

4.4.3.3 The astronauts shall have the capability of commanding the attitude of the S-IVB

and spacecraft from the CM during Earth parking orbit for the purpose of making optical

measurements, and after injectioninto lunar transfer trajectory, for favorable attitude re-

orientation for the turnaround and docking maneuvers.

4.4.3.4 The design of the CM and LEM guidance and control systems shall be such that
the astronauts have the capability of selecting the mode of operation of each sub-system.

4.4.3.5 The astronauts shall be capable of manually interrupting the automatic functions
in the CM and LEM guidance systems except for those essential to automatic abort.



4.4-5

4.4.3.6 Thedesignof the CMandLEMguidancesystemshall besuchthat the astronauts
havethe capabilityof manuallyupdatingtheparametersusedfor guidancecomputations.

4.4.3.7 TheCMshall containdisplaysandmanualcontrolsto enabletheastronautsto
operatethe CMor SMreactionjets for translationandattitudecontrol of thespacecraft.

4.4.3.8 Major subassembliesof theCMandLEM guidanceandcontrol systemsshall be
physicallyinterchangeablewhereverpracticable.

4.4.3.9 Thecapabilityof in-flight repair of theIMU in theCMand/or the LEMwill not be
required. This shall notprecludethepossibility of interchangingtheIMU's betweenthe
LEM andCM.

4.4.3.10 TheLEM shall containdisplaysandmanualcontrolsto enabletheastronautsto
operatetheLEM reactionjets for translationandattitudecontrol of the LEM.

4.4.3.11 Thedesignof the CMguidanceandcontrol systemsshall besuchthata single
crew membercanreturn theCMsafelyto Earthfrom anypointin the missionprofile.

4.4.3.12 TheLEM shall betheprimary vehiclefor effectingLEM rendezvousanddock
with theCM in lunar orbit. The CM and its crew member shall have the capability for ren-
dezvous with the LEM and rescue of the LEM crew in the event of LEM abort into lunar

orbit. This capability shall not be limited in any way by CM guidance and control capability;
the only limitation shall be CM propulsion available for rescue.

4.4.3.13 As a design objective, the design of the CM guidance and control system shall be

such that, in case it is necessary to abandon the mission, the CM can be returned safely to
Earth by ground-based radio command -- by request of the crew if they are functioning or

without active crew participation if they are incapacitated.

4.4.3.14 The LEM shall have the capability, independent of lunar-based landing aids, of
landing at a pre-selected point on the lunar surface with a design objective circular error
probable (CEP) of one-half mile without necessitating expenditure of the hover time pro-
vided for landing site selection.

4.4.3.15 The LEM shall have additional capability of landing at a pre-selected landing
point through the use of a lunar-based beacon or equivalent, with a design objective CEP
of 100 feet.

4.4.3.16 As a design objective, the LEM shall be capable of performing a descent from
lunar orbit and of soft-landing at a pre-selected landing point on the lunar surface without
the participation of the LEM crew except, if necessary, for initial alignment of the LEM
Inertial Measurement Unit prior to separation from the CM.

4.4.3.17 The design of the guidance and control system for the LEM shall be such that it

is possible to abort the mission at any point in the descent of the LEM and return the LEM
to lunar orbit for rescue.

4.4.3.18 An alternate, simple and self-contained means of LEM guidance shall be provided

in event of failure of the LEM primary guidance system at any time subsequent to landing.
This shall not preclude the use of a CM-LEM launch signal command or CM-LEM
voice links.

4.4.3.19 As a design objective, the mechanization of the CM and the LEM shall be such
that the CM can signal the time of launch to the LEM and subsequently range and track the
LEM for the purpose of relative CM-LEM position determination and as an aid to rendez-
vous. Also as a design objective, the CM and LEM mechanization shall be such that it is

A
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possible for the CM to radio-guide the LEM, by voice and/or automatic radio command,
into lunar orbit.

4.4.4 System Performance Requirements

4.4.4.1 Guidance and Navigation Requirements The position and velocity errors specified
in this section are t_ allowable set required to achieve the nominal LOR mission. They

include such effects as cumulative guidance and navigation errors, control system errors,
and thrust decay variations. These specifications reflect the requirements on the Earth-
based support systems, the launch vehicle, CM and LEM Systems.

a) The position and velocity errors at insertion into earth parking orbit shall be no
more than the following:

(position, three components)

(velocity, three components)

b) The position and velocity errors at the start of injection into lunar transfer trajec-
tory (after hours in earth parking orbit and with orbital parameters updated by ground

tracking and computation) shall be no more than the following:

(position, three components)

(velocity, three components)

c) The position and velocity errors at injection into lunar transfer trajectory shall be no
more than the following:

(position, three components)

(velocity, three components)

d) The position and velocity errors at the start of the insertion into lunar parking orbit,
after a cumulative mid-course correction not to exceed ft/sec., shall be no more

than the following:

(position, three components)

(velocity, three components)

e) The position and velocity errors at insertion into lunar parking orbit shall be no
more than the following:

(position, three components)

(velocity, three components)

f) The position and velocity errors associated with particular phases of the LEM
descent to the hover point:

(To be included in a later edition)
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g) Theerrors at the hoverpoint,* after the LEMpowereddescent,withandwithoutthe
aid of a lunar-basedbeaconor equivalent,shallbenomorethanthefollowing:

withoutbeaconor equivalent:

(position,three components)

(velocity, three components)

with beaconor equivalent:

(position,threecomponents)

(velocity, threecomponents)

h) Thepositionandvelocityerrors at insertioninto theLEMascenttransfer orbit shall
benomore thanthefollowing:

(position, threecomponents)

(velocity, threecomponents)

i) Thepositionandvelocityerrors of the LEMinsertioninto the lunar parkingorbit for
CMrendezvousshall benomorethanthefollowing:

(position,threecomponents)

(velocity, threecomponents)

j) Thepositionandvelocityerrors at thestart of the injectioninto Earthtransfer tra-
jectory shall benomorethanthefollowing:

(position, threecomponents)

(velocity, threecomponents)

k) Thepositionandvelocityerrors after injectioninto Earthtransfer trajectory shall be
no more than the following:

(position, three components)

(velocity, three components)

1) The position and velocity errors that would occur at vacuum perigee** after a cumula-
tive mid-course correction not to exceed _ ft/sec., shall be no more than the following:

(position, three components)

(velocity, three components)

Hover point: located 300 ft. above the lunar landing site, at which point the LEM shall have
zero relative velocity with respect to the lunar surface.

Vacuum perigee: The closest point that a re-entering vehicle would pass the center of the
Earth, assuming the Earth to be a point mass with no atmosphere.
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m) The position and velocity errors associated with a CM re-entry:

(To be included in a later edition)

4. 4. 4.2 Attitude Requirements This section specifies attitude requirements at times other
than powered flight. These specifications reflect the requirements on the launch vehicle,
CM and LEM control systems and reaction control jets. The permissible deviations from
the commanded attitude and the limits on the vehicle turning rate are specified below:

a) during Earth parking orbit (during optical measurements)

roll, pitch, yaw deviation (3 _) _. mr
roll, pitch, yaw turning rate limit _ mr/sec

b) during Earth parking orbit (no optical measurements)

roll, pitch, yaw deviation (3_) __ mr
roll, pitch, yaw turning rate limit __ mr/sec

c) during turnaround and docking maneuver (LEM)

roll, pitch, yaw deviation (3_) _ mr
roll, pitch, yaw turning rate limit _mr/sec

d) during turnaround and docking maneuver (CM/SM)

roll, pitch, yaw deviation (3_) __ mr
roll, pitch, yaw turning rate limit __ mr/sec

e) during coasts in lunar and Earth transfer trajectories (optical measurements)

roll, pitch, yaw deviation (3r) __ mr
roll, pitch, yaw turning rate limit _ mrlsec

f) during coasts in lunar and Earth transfer trajectories (no optical measurements)

roll, pitch, yaw deviation (3¢) __ mr
roll, pitch, yaw turning rate limit __ mr/sec

g) during lunar parking orbit (optical measurements) (CM)

roll, pitch, yaw deviation (3_) __ mr
roll, pitch, yaw turning rate limit __ mrlsec

h) during lunar parking orbit (optical measurements) (LEM)

roll, pitch, yaw deviation (3¢) __ mr
roll, pitch, yaw turning rate limit _ mr/sec

i) during lunar parking orbit (no optical measurements) (CM)

roll, pitch, yaw deviation (3_) __ mr
roll, pitch, yaw turning rate limit __ mr/sec

j ) during LEM transfer orbit coasts (optical measurements) (if applicable)

roll, pitch, yaw deviation (3¢) __ mr
roll, pitch, yaw turning rate limit __ mr/sec

-11--
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k) during LEM transfer orbit coasts (no optical measurements)

roll, pitch, yaw deviation (3_r) __ mr
roll, pitch, yaw turning rate limit ___mr/see

1) during LEM hover and touchdown

roll, pitch, yaw deviation (3,r) __.mr
roll, pitch, yaw turning rate limit __mr/see

m) during rendezvous and docking maneuver (CM SM)

roll, pitch, yaw deviation (30-) __mr
roll, pitch, yaw turning rate limit ___ mr/see

n) during rendezvous and docking maneuver (LEM)

roll, pitch, yaw deviation (3,r) ...... mr
roll, pitch, yaw turning rate limit _ mr/see

o) during re-entry (CM)

pitch and yaw deviation (3,r) _ mr
pitch and yaw turning rate limit __. mr/see

4.4.5 Equipment Performance Capabilities

The equipment performance capabiIities cited in this section represent the standards
to which the subsystems shall be designed. These standards satisfy the system performance
requirements stated in section 4.4.4.

4.4.5.1 Launch Vehicle Equipment Performance Capabilities

a) Inertial Measurement Unit (IMU) This instrument shall provide launch vehicle atti-
tude information, a space-stabilized coordinate system and the three velocity compo-
nents determined from integrated acceleration measurements.

b) Digital Computer This general-purpose digital machine shall perform all guidance
problem computations through injection into lunar transfer trajectory, and shall conduct
diagnostic tests of itself and [checkout routines of other vehicle subsystems. I The
characteristics of this computer shall include the following:

word length __ bits

memory cycle time g see

memory ____ words

4.4.5.2 CM Equipment Performance Capabilities

a) Sextant This instrument shall be used for midcourse angle measurements, star
elevation measurements, and star tracking for IMU alignment. The RMS error of
angular measurements after quantization shall be no more than [0.051 milliradians.

b) Scanning Telescope This instrument shall be used for acquisition and identifica-
tion of celestial bodies, the tracking of landmarks, and as a back-up for the sextant



#

during the IMU alignments. The RMS error of angular measurements after quantization
shall be no more than [0.3] milliradians.

c) Navigation Base This structure shall provide the common mounting base for the
IMU, sextant,--ai_d -scanning telescope.

d) Inertial Measurement Unit (IMU) This instrument shall provide CM attitude informa-
tion_a space2stabilized coordinate system and the three velocity components (integrated
acceleration measurements) due to both SM thrust and CM re-entry deceleration.

e) Body-Mounted Integrating Gyro Subsystem This instrument shall be used to establish
an d{titude reference whenever the IMU is not in operation. In-flight replacement of in-

dividual gyros shall be possible without recalibration. The individual gyro drift rates
shall be no more than deg/hr.

f) Body-Mounted Rate-Gyro Subsystem This instrument shall be used to measure the
rates of change of attitude. In-flight replacement of individual gyros shall be possible
without recalibration. The individual gyro drift rates shall be no more than
deg/hr.

g) Longitudinal Accelerometer This instrument shall determine the velocity increment

component along the longitudinal axis of the CM during engine burns and re-entry. In-
flight replacement of the accelerometer shall be possible without recalibration. The
RMS error of these AV measurements shall be no more than ft/sec.

h) Computer This general-purpose digital machine shall perform all guidance problem

oomputations, both for the normal mode and back-up and abort conditions, and shall con-
duct diagnostic tests of itself [and checkout routines of other CM subsystems. ] The
characteristics of this computer shall include the following:

i)

word length

memory cycle time

wired-in memory

erasable memory

Tracking and Ranging Subsystem

___ bits

/.t sea

words

words

(To be included in a later edition.)

j) Lights (running and flashing) These devices shall be used as optical tracking aids be-
tween the CM and LEM. The CM crew members shall be able to identify the LEM without

optical aids and in the presence of any stellar background, at a distance of nm.

4.5.3 LEM Equipment Capabilities

a) Alignment Telescope This instrument shall be used for star tracking for IMU align-

ment, and tracking of landmarks. The RMS error of angular measurements after quan-
tization shall be no more than milliradians.

b) Landing Site Selection Subsystem

(To be included in a later edition.)

e) Navigation Base. This structure shall provide the common mounting base for the

IMU and alignment telescope.
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d) Inertial Measurement Unit (IMU) This instrument shall provide LEM attitude in-
formation, a space-stabilized coordinate system, and the three velocity components
determined from integrated acceleration measurements.

e) Body-Mounted Inertial Subsystems

(To be included in a later edition)

f) Computer This general-purpose digital machine shall perform all LEM guidance
problem computations, both for the normal mode and abort conditions. It shall conduct
diagnostic tests of itself [and checkout routines of other LEM subsystems. ] The charac-
teristics of this computer shall include the following:

word length bits

memory cycle time _sec

wired-in memory words

erasable memory words

g) Tracking and Ranging Subsystem

(To be included in a later edition)

h) Lights (running and flashing) These devices shall be used as optical tracking aids
between the CM and LEM. The CM crew member shall be able to identify the LEM,
without optical aid and in the presence of any stellar background, at a distance of

rim,
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4.5 Space Vehicle Communications

4.5.1 Scope

This section contains the specifications for the communication subsystems in the
launch vehicle and spacecraft required to provide the necessary flow of data and information
between the space vehicle and the ground system, between modules of the spacecraft when
separated and between the astronauts. Specifications are grouped by space vehicle module
and subsystem.

Specifications for the ground-based subsystems that operate with the space vehicle
communication subsystems are given in sections 4.7 and 4.8.

4.5.2 S-IC and S-II Stage Communications

4.5.2.1 Telemetry (Space-to-Ground Data) Subsystem

4.5.2.1.1 Functional Requirements The S-IC and S-II stage telemetry subsystems shall
provide the LCC with checkout data during prelaunch phases of the mission and with sub-
system status data during powered flight.

4.5.2.1.2 Technical Characteristics The S-IC and S-II stages shall each be provided
with operationally separate and independent telemetry subsystems. The S-IC stage shall

be equipped with __ telemetry transmitters, and the S-II stage with telemetry
transmitters.

One telemetry transmitter in each stage shall be designed to operate with the automatic
checkout and monitoring system. All automatic checkout data originating in each stage
shall be fed to this transmitter. It shall be possible to send the modulated signal from
an IF stage of this transmitter to ground checkout equipment over the umbilical cable.
After lift-off, the modulated signal shall be transmitted to the ground over a radio link.

The other telemetry transmitters shall transmit subsystem status measurements, re-
search and development data, and checkout data.

In addition to transmitting subsystem status data, of the telemetry transmitters in
each stage shall be capable of transmitting to the ground for verification the data re-
ceived by the command-destruct systems.

The characteristics of the telemetry transmitting subsystems shall be as shown in Table
4.5-1.

The telemetry transmitters in each stage shall radiate from omni-directional antenna

subsystem(s) on the stage. The antenna subsystem characteristics shall be as shown in
Table 4.5-3.

4.5.2.2 Command-Destruct Subsystem

4.5.2.2.1 Functional Requirements The S-IC and S-II stages shall each be provided with
a command-destruct subsystem, capable of continuous data reception during launch.

All data received by these subsystems shall be transmitted back to earth over the tele-
metry subsystem of each stage for verification before action is taken.

4.5.2.2.2 Technical Characteristics Two sets of identical, redundant command re-

ceivers, decoders, and their power supplies shall be provided in both the S-IC and S-II
stages.
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The characteristics of the command-destruct receiving subsystems shall be as shown in
Table 4.5-2.

The command-destruct system shall utilize__omni-directional antenna subsystem(s) in

each stage with characteristics as shown in Table 4.5-3.

4.5.2.3 Transponder Subsystem

(To be included in a later edition)

4.5.3 S-IVB Stage and Instrument Unit Communications

4.5.3. I Telemetry (Space-to-Ground Data) Subsystem

4.5.3. I.1 Functional Requirements The telemetry subsystem of both the S-IVB stage

and the IU shall provide checkout, subsystem status monitoring, and research and devel-

opment data to the ground.

4.5.3. I.2 Technical Characteristics The S-IVB stage and IU shall each be provided

with operationally separate and independent telemetry subsystems. The S-IVB stage

shall be equipped with_ telemetry transmitters, and the IU with .telemetry trans-
mitters.

One telemetry transmitter in both the S-IVB stage and the IU, as specified in section

4.5.2. I for the S-IC and the S-If stages, shall be used for remote automatic checkout

during prelaunch and earth orbit phases of the mission.

The other telemetry transmitters shall transmit subsystem status measurements, re-

search and development data, and checkout data.

In addition,__ of the telemetry transmitters in the S-IVB stage shall be capable of re-
transmitting to the ground for verification data received by the command-destruct sub-
system, and__of the telemetry transmitters in the IU shall have the same capability
for selected data received by the ground-to-space data subsystem.

The telemetry subsystems of the S-IVB stage and the IU shall be provided with a flex-
ibility in the selection of sampling rates and patterns and of transmission rates.

The characteristics of the telemetry transmitting subsystems shall be as shown in Table
4.5-1.

The telemetry transmitters in the S-IVB stage shall radiate from__omni-directional
antenna subsystem(s) on the stage, and in the IU from__omni-directional antenna sub-
system(s). The antenna subsystem characteristics shall be as shown in Table 4.5-3.

4.5.3.2 Command-Destruct Subsystem A command-destruct subsystem, as specified in

section 4.5.2.2 for the S-IC and the S-If stages, shall be provided in the S-IVB stage.

The characteristics of the command-destruct system receiving subsystem shall be as
shown in Table 4.5-2.

This system shall utilize
shown in Table 4.5-3.

omni-directional antenna system(s) with characteristics as



4.5.3.3 Ground-to-Space Data Subsystem

4.5.3.3.1 Functional Requirements A receiving subsystem shall be provided in the IU
to receive ground data (e. g., guidance and checkout) for insertion into the launch vehicle

computer.

Selected data received by this subsystem shall be retransmitted back to earth over the

telemetry subsystem for verification.

4.5.3.3.2 Technical Characteristics Two identical, redundant receivers shall be pro-

vided in the IU.

The characteristics of the receiving subsystems shall be as shown in Table 4.5-2. The
subsystem shall utilize omni-directional antenna subsystem(s) in the IU with charac-
teristics as shown in Table 4.5-3.

4.5.3.4 Transponder Subsystem

(To be included in a later edition)
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4.5.4 Command and Service Module Communications

The distribution of communication equipment between the CM and the SM shall be made
so that:

a) The communication functions required to be performed after separation of the CM from

the SM can be performed by equipment in the CM.

b) Equipment that must be maintained in flightis located in the CM.

The communications equipment in the CM/SM shall operate in three frequency bands -

HF, VHF, and UHF. Each of the two sets of identical, redundant S-band equipment shall

provide two-way voice, data transmission and reception, and tracking. These services shall

be obtained by modulation of common S-band carriers.

4.5.4. l Voice Communication Subsystem The voice communication subsystem shall pro-

vide two-way service within the CM and between the CM and other operational units during

operational phases as detailed below. In voice communications with the earth, the equip-

ments are divided generally into near-earth and deep-space, with the former consisting of

VHF equipment, and the latterconsisting of S-band. HF equipment shall be provided for

recovery operations. Facilities shall be included in the CM for storage and delayed read-
out of voice information.

4.5.4. I.I VHF Voice Subsystem

a) Functional Requirements The VHF subsystem shall provide service with the earth
when the altitude of the CM above the earth's surface is less than _ nm, and with the
recovery forces during the landing and post-landing phases.

b) Technical Characteristics The VHF subsystem shall consist of two identical, re-
dundant transmitting subsystems, with characteristics as shown in Table 4.5-4, and of
two identical, redundant receiving subsystems with characteristics as shown in Table
4.5-5. These shall utilize a common omni-directional antenna system, with charac-
teristics as shown in Table 4.5-6.

4.5.4. I.2 HF Subsystem

a) Functional Requirements The HF subsystem shall provide voice service with the
recovery forces during the landing and post-landing phases. The HF subsystem shall
also be capable of keyed CW operation in an emergency mode.

b) Technical Characteristics The HF subsystem shall consist of one set of trans-

ceiver equipment, with voice characteristics as shown in Table 4.5-4 for the trans-

mitting subsystem, and Table 4.5-5 for the receiving subsystem. The set shall utilize

an omni-directional antenna system, with characteristics as shown in Table 4.5-6.

Parallel operation of the VHF and HF subsystems shall be possible, with means in-

cluded for selection of the better of the two received signals for use.

When operated in the keyed CW mode, the transmitting characteristics shall be as
shown in Table 4.5-4, and the receiving characteristics shall be as shown in Table
4.5-5. The antenna system shall be the same as used for HF voice.

4.5.4. I.3 S-Band Subsystem

a) Functional Requirements The S-band subsystem shall provide voice service with
the earth when the altitude of the CM/SM above the earth's surface is more than
nm.

w
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b) Technical Characteristics The S-band subsystem shall have a primary and a

secondary mode of operation. These modes differ in the modulation characteristics of

the signal and the choice of antenna systems. The transmitting characteristics shall
be as shown in Table 4.5-4. The receiving characteristics shall be as shown in Table

4.5-5. The primary modes of the two equipments shall utilizea directional, steerable

antenna subsystem, and the secondary modes shall utilizea common omni-directional

antenna subsystem. The characteristics of both are shown in Table 4.5-6.

4.5.4.1.4 CM-LEM Voice Communication Subsystem

(To be included in a later edition.)

4.5.4. I.5 Interior Voice Communications Subsystem

a) Functional Requirements The interior communications subsystem shall provide
service among crew members within or in close proximity to the CM.

b) Technical Characteristics

(To be included in a later edition.)

4.5.4.2 Telemetry (Space-to-Ground Data) Subsystem The telemetry sybsystem shall

provide data transmission service from the CM to the earth, including facilitiesfor storage

and delayed readout of data. The equipments available are VHF for near-earth use and

S-band for deep-space use.

4.5.4.2. I VHF Subsystem

a) Functional Requirements The VHF subsystem shall provide service to the earth
when the altitude of the CM above the earth's surface is less than nm. The VHF

telemetry signal shall also be used for spacecraft acquisition by the ground equipment.

b) Technical Characteristics The VHF subsystem shall consist of two identical, re-
dundant transmitting sets, with characteristics as shown in Table 4.5-4. These shall
utilize a common omni-directional antenna system, with characteristics as shown
in Table 4.5-6.

4.5.4.2.2 S-Band Subsystem

a) Functional Requirements The S-band subsystem shall provide telemetry service to
the earth when the altitude of the CM above the earth's surface is more than nm.

b) Technical Characteristics The S-band subsystem's transmitting characteristics
shall be as shown in Table 4.5-4. These shall utilizethe antenna subsystems with

characteristics as shown in Table 4.5-6.

4.5.4.3 Ground-to-Space Data Subsystem The CM/SM shall incorporate a command
receiver and decoder for the reception of data from the ground, as may be required. Means
shall be provided in the receiver and decoder to distinguish between command data and non-
command data. Verification of selected received data shall be accomplished by repeating
the data received at the CM over the telemetry subsystem for comparison on the earth. A

buffer store, along with suitable displays and intervention controls, shall be provided in the
CM for use during the verification cycle to preclude insertion of erroneous data into the CM

equipment.
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4.5.4.3.1 UHF Data Subsystem

a) Functional Requirements The UHF subsystem shall provide service from the earth
when the altitude of the CM above the earth's surface is less than__rim.

b) Technical Characteristics The UHF subsystem shall consist of two identical,

redundant receiving sets, with characteristics as shown in Table 4.5-5. These shall
utilize a common omni-directional antenna system, with characteristics as shown
in Table 4.5-6.

4.5.4.3.2 S-Band Subsystem

a) Functional Requirements The S-band subsystem shall provide service from the
earth when the altitude of the CM above the earth's surface is more than__rim.

b} Technical Characteristics The S-band subsystem's receiving characteristics shall
be as shown in Table 4.5-5. These shall utilize the antenna subsystems with
characteristics as shown in Table 4.5-6.

4.5.4.4 LEM-to-CM Data Subsystem

a) Functional Requirements The LEM-to-CM data subsystem shall provide reception at
the CM of data from the LEM, as a design objective.

b) Technical Characteristics

(To be included in a later edition. )

4.5.4.5 CM-to-LEM Data Subsystem

a) Functional Requirements The CM-to-LEM data subsystem shall provide data trans-
mission service from the CM to the LEM.

b) Technical Characteristics

(To be included in a later edition. )

4.5.4.6 Transponder Subsystem

4.5.4.6.1 Earth-Tracking The CM/SM shall be equipped with transponders to permit
tracking by the tracking systems based on Earth as specified in sections 4.7 and 4.8.
The transponders shall operate in C-band for near-earth use and S-band for deep-space
use.

4.5.4.6.1.1 C-Band Transponders

a) Functional Requirements The C-band transponders shall permit angle and range
tracking by the earth-based C-band radars when the altitude of the CM above the
earth's surface is less than nm.

b) Technical Characteristics

(To be included in a later edition)
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4.5.4.6. I. 2 S-Band Transponders

a) Functional Requirements The S-band subsystem shall permit angle, range and
range-rate tracking by the earth-based system when the altitude of the CM above

the earth's surface is more than nm except when the CM is obscured by the

moon.

b) Technical Characteristics The transmitting and receiving characteristics of
the S-band transponders shall be as shown in Tables 4.5-4 and 4.5-5, respectively.
These shall utilize the antenna subsystems with characteristics as shown in Table.
4.5-6.

4.5.4.6.2 LEM-Tracking Transponder

(To be included in a later edition)
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4.5.5 Lunar Excursion Module Communications

The LEM communications with the earth shall be provided by common S-band equip-
ment. Each of the two sets of identical, redundant S-band equipment shall provide two-way

voice, television transmission, data transmission and reception, and tracking. These
services shall be obtained by modulation of common S-band carriers.

4.5.5.1 Voice Communication Subsystem The voice communication subsystem of the

LEM shall provide two-way service between the crew, the earth, and the CM when
separated. Means shall be provided for the LEM to be used as a relay point for the
two-way voice communication between the astronauts exploring the lunar surface and
the earth.

4.5.5.1.1 S-Band Subsystem

a) Functional Requirements The S-band subsystem shall provide two-way voice
communication with the earth.

b) Technical Characteristics The S-band subsystem shall have a primary and a
secondary mode of operation. These modes differ in the modulation characteristics
of the signal and the choice of antenna systems. The technical characteristics of
the transmitting subsystem shall be as shown in Table 4.5-7, and of the receiving

subsystem as shown in Table 4.5-8. The antenna characteristics shall be as shown
in Table 4.5-9.

4.5.5.1.2 LEM-CM Voice Subsystem

(To be included in a later edition.)

4.5.5.1.3 LEM-Back Pack Voice Subsystem

a) Functional Requirements When on the surface of the moon, the LEM equipment
shall provide two-way voice communication with the lunar explorer for distances of
at least 5 nm. As a design objective, conference capability between the lunar ex-

plorer, LEM, the earth shall be provided.

b) Technical Characteristics

(To be included in a later edition.)

4.5.5.1.4 Interior Voice Communications Subsystem

a) Functional Requirements The interior communications subsystem shall provide
service among crew members within the LEM.

b) Technical Characteristics

(To be included in a later edition.)

4.5.5.2 Telemetry (Space-to-Ground Data) Subsystem

a) Functional Requirements The LEM shall be provided with a telemetry subsystem to
transmit data to the earth. Facilities for data storage and delayed readout for trans-

mission shall be provided in the LEM.
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b) Technical Characteristics The telemetry data from the LEM shall be multiplexed
with the tracking, voice and video signals on the S-band transponder carrier for trans-
mission to the earth. The technical characteristics are shown in Tables 4.5-7 and

4.5-9.

4.5.5.3 Ground-to-Space Data Subsystem

(To be included in a later edition.)

4.5.5.4 LEM-to-CM Data Subsystem

a) Functional Requirements The LEM-to-CM data subsystem shall provide data
transmission service from the LEM to the CM, as a design objective.

b) Technical Characteristics

(To be included in a later edition.)

4.5.5.5 CM-to-LEM Data Subsystem

a) Functional Requirements The CM-to-LEM data subsystem shall provide reception
at the LEM of data from the CM.

b) Technical Characteristics

(To be included in a later edition. )

4.5.5.6 Space-to-Ground Television Subsystem

a) Functional Requirements The LEM shall incorporate the capability of taking and
transmitting TV pictures directly to earth during descent, ascent and lunar operations.

b) Technical Characteristics The video data shall be multiplexed on the S-band trans-
ponder carrier for transmission to the earth. Technical characteristics of this sub-
system shall be as specified in Tables 4.5-7 and 4.5-9.

4.5.5.7 Transponder Subsystem

4.5.5.7.1 Earth-Tracking Transponder

a) Functional Requirements The LEM shall be provided with an S-band transponder
that operates with the Deep-Space tracking subsystem specified in section 4.8.

b) Technical Characteristics The S-band signals for earth-tracking of the LEM
shall be multiplexed with the voice, video and telemetry from the LEM and the voice
and data to the LEM. The antenna characteristics shallbe as shown in Table 4.5-9. The
technical characteristics of the transmitting subsystem shall be as shown in Table

4.5-7, and of the receiving subsystem as shown in Table 4.5-8.

4.5.5.7.2 CM-Tracking Transponder

(To be included in a later editon.)

v -- .... I ....



4.5-16

E

0

0

0

0

0

0

0

!

0

0 0

m

! r-.---,

e_

0_

0_

e_

0

0

0

A



4.5-17

Table 4.5-8

LEM Receiving Subsystem Characteristics

Description

Operating Frequency
Range

Modulation
Characteristics

Minimum Usable Power

Density

Col. A Col. B Col. C

S-Band

Primary
Voice

[2110-2120] mc

Secondary
Voice

[2110-2120] mc

Tracking

[2110-2120] mc

Table 4.5-9

LEM Antenna Subsystem Characteristics

Col. A Col. B

Description

Operating Frequency
Range

Pattern

Steering

Associated
Transmitting and
Receiving Subsystems

S-Band Directional S-Band Omni-Directional

[2110-2300]mc

2-way voice

Telemetry

Television

Tracking

[2110-2300] mc

2-way voice

Telemetry

Tracking
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4.5.6 Spacesuit/BackPack Communication Subsystem

4.5.6.1 Functional Requirements Two-way voice communications between the lunar

explorer and the LEM shall be provided to at least 5 nm. Two-way voice communication
between two lunar explorers shall be provided.

Facilities shall be provided in the spacesuit/back pack to permit an astronaut outside of

the spacecraft to talk with crew members inside.

4.5.6.2 Technical Characteristics

(To be included in a later edition.)

I
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4.6 Checkout

4. 6. 1 Scop____ee

This section specifies requirements on systems to be used for checkout of a) the
space vehicle from assembly through mission completion, and b) the ground network used
prior to and during the mission.

4.6.2 Purpose of Checkout

The checkout system shall be capable of operation throughout the Apollo mission for
the purpose of assuring crew safety and increasing the probability of mission success. The
checkout system shall provide information to assist in assessing the capability of the space
vehicle to a) initiate and continue a normal mission, b) initiate and continue a modified
mission, or c) perform an aborted mission.

Specific objectives of checkout shall include the following:

a) to provide assui'ance of readiness of the space vehicle and Earth-based systems
before Earth launch of the space vehicle;

b) to provide assurance of readiness of the system for initiation of each mission phase
from insertion into Earth parking orbit until mission completion;
c) to provide diagnostic assistance for fault isolation and possible correction;
d) to perform evaluation of critical systems;
e) to perform trend analyses; and
f) to provide research and development information.

4. 6.3 Checkout of Space Vehicle Systems

4.6.3.1 General Design Requirements The Apollo space vehicle and ground system
shall be designed to be compatible with an integrated checkout concept covering pre-
launch, launch, in-flight and lunar operation phases of the mission.

The system shall incorporate provisions for monitoring and analysis of critical system
functions in such a manner that out-of-tolerance performance can be recognized and
assessed, both on the ground and by the flight crew using on-board equipment, in time
for remedial action.

No equipment used solely for pre-launch testing shall be installed aboard the space-
craft as fly-away hardware unless an overall program saving can be demonstrated.

Test equipment installed aboard the space vehicle as fly-away hardware shall be com-
patible with all equipment used in the several phases of checkout.

Checkout facilities aboard the spacecraft may be a combination of manual and automated
systems. It shall be possible for the on-board crew, from injection into lunar transfer
trajectory through mission completion, to carry out sufficient independent on-board
checkout to permit go/no-go decisions.

The checkout data provided to the IMCC shall include all of the checkout data available
to the on-board crew.

IMCC, when furnished with the flight checkout data from the spacecraft, shall be able
to arrive independently at any go/no-go decision.

Earth-based facilities shall be capable of comparing in-flight checkout data with pre-
flight test data to reveal trends and to develop confidence in the on-board equipment.

, I
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Earth-based checkout facilities shall be designed to provide a maximum flexibility so
that a minimum of modification will be required to support missions beyond the initial

manned lunar landing. These facilities shall be automated wherever practicable.

4.6.3.2 Location of Checkout Functions

4.6.3.2. 1 Pre-launch Pre-launch checkout of the space vehicle shall be performed
at the Merritt Island Launch Area (MILA). Checkout facilities shall be compatible
with the operating concepts delineated in the latest issue of the directive entitled
"Basic Operating Concepts for the Launch Operations Center at the Atlantic Missile
Range. " The capability shall be provided of transmitting checkout information from
MILA to IMCC.

4.6.3.2.2 Post-launch IMCC shall have the capability of performing checkout of the
CM, SM and LEM from Earth launch through completion of the mission. LOC shall
have the capability of performing checkout of the S-IVB/IU in Earth parking orbit by

receiving real-time checkout data via IMCC and by requesting IMCC to initiate check-
out commands. IMCC shall also have the capability of performing an independent
checkout of the S-IVB/IU in Earth parking orbit.

All post-launch checkouts of the CM, SM and LEM shall utilize both on-board and
Earth-based facilities.

4.6.3.3 Time of Checkout Checkout of space vehicle systems shall be performed at

specified times prior to launch. Certain critical systems shall then be continually
assessed. After launch, specific checkouts shall be performed prior to each major
propulsion event. Should any appreciable delays occur, appropriate portions of the
checkout shall be repeated.

As a design objective, the capability shall be provided to perform checkout of the space
vehicle (consisting of the CM, SM, LEM, S-IVB and IU) during first Earth parking orbit.
As a minimum capability, the system shall be capable of performing this checkout during
the first three orbits.

In addition to the checkouts associated with major propulsion events, checkouts shall be
made at other times. These shall include;

a) checkout of the CM, SM and LEM after repositioning of the LEM on the CM in
lunar transfer trajectory;
b) checkout of the LEM after landing on the lunar surface and before deployment of
an astronaut for exploration; and

c) checkout of the CM before re-entry into Earth's atmosphere.

4.6.4 Checkout of Ground Network

4.6.4.1 General Design Requirements

(To be included in a later edition. )

4. 6.4.2 Location of Checkout Functions The IMCC shall have the capability of initiating

and controlling the checkout of the ground network. The IMCC shall have the capability
of advising various elements of the system, as appropriate, of the results of all checkouts.

4.6.4.3 Time of Checkout

(To be included in a later edition. )
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4.7 Launch Facilities

(To be included in a later edition. )
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4. 8 Ground Communication and Tracking System (GCTS)

4.8.1 Scope

This section contains the specifications for the elements of the Ground Communication

and Tracking System (GCTS). The GCTS is defined, in this specification, as the complex of
ground stations deployed around the world for tracking and communicating with the space ve-
hicle, and the communication network interconnecting IMCC, LCC, RCC, and these ground
stations. Tracking computations shall be performed by the computing center at the IMCC.
The specifications for the computing center are given in Section 4.9. Similarly, the com-
munication function requires communication facilities which will also be located at IMCC and
are specified in Section 4.9.

4.8.2 Objectives

The GCTS shall provide facilities for:

a) obtaining data for use in determining the space vehicle position and trajectory parameters;
b) receiving and processing data telemetered from the space vehicle to earth;
c) transmitting data from the earth to the space vehicle;
d) establishing two-way voice communication between the earth and the spacecraft;
e) receiving television signals from the LEM;
f) obtaining pointing angle and space vehicle frequency data to facilitate acquisition of the
space vehicle signal by the steerable antennas;
g) communication between all Apollo sites and the IMCC for operational and administrative
functions;
h) voice communications between operating positions at each site and between the positions
and the intersite communication network;
i) synchronizing time between sites;
j) conducting simulation and training operations;
k) recording all pertinent data; and
1) maintaining its level of performance.

4.8.3 Design Guidelines

The GCTS shall wherever practicable be designed for automatic operation under positive
human control and shall provide easy voice contact with the spacecraft crew.

Existing sites and equipments shall be used, where feasible.

4.8.4 GCTS Sites

4.8.4.1 Classes of Sites

Two general classes of GCTS sites, Near-Earth and Deep-Space shall be provided.
The Near-Earth sites shall be capable of operating with the space vehicle when it is between
ground level and_ nm altitude. The Deep-Space sites shall be capable of operating with
the space vehicle when its altitude is greater than__ nm from the earth.

The Near-Earth sites consist of the following subclasses:

a) Launch Coverage sites, which shall be equipped for radar tracking of, two-way voice
communication with and telemetry reception from the space vehicle during the launch phase.

Selected Launch Coverage sites shall also be equipped to transmit data to the space vehicle.

b) Earth Orbit sites, which shall be equipped for two-way voice communication and telem-
etry reception.



c) EarthOrbit Sites, whichshall beequippedfor voice, telemetryandtracking.
Certainsites shall beequippedto communicatewith the spacecraftat the datarates
necessaryfor in-flight checkout. Selectedsites shall alsobeequippedwith ground-
to-spacedatatransmissionfacilities.

d) ExtendedRangeSites, whichshall beequippedto track andcommunicatewith
thespacevehicleuntil it comeswithin thetracking capabilitiesof theDeep-Spacesites.
SelectedExtendedRangesites shall alsobeequippedwithground-to-spacedatatrans-
missionfacilities.

e) Re-entrysites, whichshall beequippedto track andcommunicatewith thespace
vehicleduringthe re-entry phase. Selectedsites shall alsobeequippedwith ground-
to-spacetransmissionfacilities. CertainRe-entrysites shall beprovidedwithex-
tendedrangecapabilitiessimilar to (d).

All Deep-Spacesites shall beequippedfor two-wayvoicecommunicationwith,
tracking of, telemetryandtelevision receptionfrom, anddatatransmissionto the
spacecraft.

4.8.4.2. Coverage

GCTS sites shall be located to provide tracking and communication coverage

as specified below for the trajectories given in Section 3.4. The geodetic location of
each land-based tracking station and ship tracking station shall be determined to within
the following limits:

Latitude

Longitude
Altitude

(with respect to the
__ Geoid)

Deflection of the Vertical

Land-Based Stations Ship Stations
+ ft. + nm
+ ft. 7- nm

+ ft. + ft.

÷
- mr

4.8.4.2.1 Near-Earth Sites

a) Launch Coverage sites shall be located to provide tracking, communication,

and ground-to-space data transmission coverage from launch up to insertion into
earth parking orbit and for__minutes thereafter. There shall be no coverage

gap greater than__ minutes.

b) Earth Orbit sites shall have a range capability of at least__nautical miles
and shall be located to provide:

(1) Voice and telemetry communication capability of at least__ minutes per
orbit with no coverage gap greater than minutes, including minutes of
continuous coverage over the continental United States (US) prior to injection
into the lunar transfer orbit,

(2) tracking capability of at least minutes per orbit with no gap greater
than minutes, including __minutes of continuous coverage over the con-
tinental US prior to injection into the lunar transfer orbit, and

' " -11T.....
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(3) ground-to-space data transmission capability of at least __minutes with
no gap greater than__ minutes, includingminutes of continuous coverage
over the continental US prior to injection into the lunar transfer orbit.

c) Extended Range sites shall have a range capability of at least__
miles. Sites shall be located to provide:

nautical

(1) voice, telemetry and tracking coverage of the injection into an earth-to-moon
trajectory and for minutes thereafter with no gap greater than minutes,
and

(2) coverage as in (1) after injection into earth-moon trajectory until acquistion

by deep-space sites, with

a) no gap in telemetry and voice communication coverage in excess of
minutes,

b) no gap in tracking coverage in excess of__minutes, and

c) no gap in ground-to-space data transmission coverage in excess of
minutes.

d) Re-entry sites shall be capable of establishing contact with the space vehicle at
an altitude of___ nautical miles from earth. Sites shall be located to provide:

(1) coverage between the altitudes of___and__ nautical miles with

a) no gap in telemetry and voice communication coverage in excess of
minutes,

b) no gap in tracking coverage in excess of__ minutes, and

c) no gap in ground-to-space data transmission coverage in excess of
minutes.

(2) coverage from an altitude of__ nautical miles to landing with

a) no gap in telemetry and voice communication coverage in excess of

minutes,

b) no gap in tracking coverage in excess of minutes, and

c) no gap in ground-to-space data transmission coverage in excess of
minutes.

4.8.4.2.2 Deep-Space Sites

Deep-Space sites shall be capable of maintaining contact with the space
vehicle at ranges from nm to, at least rim. Sites shall provide:

(1) coverage of all powered flight maneuvers performed in deep space (except
when such maneuvers are obscured by the moon) and for__ minutes there-

after with no gap greater than minutes,

v_,..,,,,j._ _ "--TI' I- •
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(2) contact capability of at least hours per day with no gap greater than
hours when the spacecraft is at an altitude between__and __nautical miles

from the earth, and

(3) continuous voice and telemetry capability, and tracking capability of at least
___hours per day with no gap greater than__hours, when the spacecraft is
at an altitude in excess of __ nautical miles from the earth, except when the

spacecraft is obscured by the moon.

GCTS Instrumentation

4.8.5.1 Subsystems

Certain of the following subsystems shall be instrumented at each GCTS site:

a) Tracking

b) Telemetry (Space-to-Ground Data)

c) Ground-to-Space Data Transmission

d) Two-Way Space-Ground Voice

e) Television Receiving

f) Local Voice Communication

g) Timing

h) Inter-Site Communication

4.8.5.2 Interference

In planning, developing and operating the GCTS, the effects of r-f inter-
ference shall be carefully considered and controlled. Some of the requirements to
obtain this control are:

a) The level of r-f interference from non-Apollo sources shall be determined.
Facilities shall be provided at each site to monitor the frequency bands which could
cause interference with Apollo tracking and communications,

b) Interference between Apollo equipments shall not result in degradation of system

performance, and

c) Mutual interference in the ground-space links shall be minimized by control of
transmission periods for individual sites by IMCC.

4.8.5.3 Recording

Facilities shall be provided at each site to allow the recording of all informa-
tion (voice, TM, TV, data) passing between the space vehicle and the earth, all infor-
mation flowing between Apollo sites, all tracking information and selected performance
parameters of certain site subsystems (e. g., receiver AGC, frequency drift).
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4.8.6 Subsystem Specifications

4.8.6.1 Tracking Subsystem

4.8.6.1.1 Near-Earth Tracking Subsystem

The tracking subsystem at Near-Earth tracking stations shall include

the following major equipment elements:

a) C-band radar

b) Data conditioning

c) Data monitoring

d) Acquisition

4.8.6.1.1.1 C-Band Radar

The C-band radar at Launch Coverage and Earth-Orbit sites

shall have the capability of maintaining contact with the space vehicle trans-

ponders (specified in Section 4.5) to a range of at least nm. The C-band
radars at the Extended-Range and Re-entry sites shall have the capability of

maintaining contact with the space vehicle transponders to a range of at least
rim.

The _ of the tracking errors, within the specified range coverage

of the radars, shall not exceed the following:

Launch Earth-Orbit Extended Re-entry

Coverage Site Site Range Site Site
Radars Radars Radars Radars

Static

Range (R)
Azimuth (A)

Elevation (E)

Dynamic (for I_-__ ft/sec, A=E=__mr/sec)*

Range
Azimuth

Elevation

Other technical characteristics of the C-band radar

ft

mr

mr

ft

mr

mr

Transmitting Subsystem

Operating frequency range [5250-5650] mc

Modulation characteristics

Effective radiated power w

* The dot over the designated quantity signifies the time derivative of that quantity.
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Receiving Subsystem

Operating frequency range [5250-5650] mc

Modulation characteristics

Minimum usable power density_ w/m2

Antenna Subsystem

Operating frequency range [5250-5650] mc

Pattern

Steering

4.8.6.1.1.2 Data Conditioning

Equipment shall be provided to accept data samples from the
radar and convert them to coded digital form for transmission to the com-

putation center. The data conditioning equipment shall sample the C-band
radar storage registers at a rate consistent with the capacity of the out-
going transmission system. At stations equipped for high-speed data (voice
bandwidth) transmission, this sampling rate shall be [10] times per second;
at stations equipped for teletypewriter speed transmission, the sampling rate

shall be once every [5] seconds.

Each message frame shall include data which permits the deriva-
tion of the azimuth, elevation, range, time, station identification, and an in-
dication of the quality of the tracking data (i. e., whether valid or not).

Frames originated by tracking ship stations shall also include ship position

and stability conditions.

4.8.6.1.1.3 Data Monitoring

Displays shall be provided for comparing the data transmitted to

the computing center with that generated by the C-band radar.

4.8.6.1.1.4 Acquisition

The acquisition subsystem at each Near-Earth site shall consist

of equipment capable of automatic angle tracking of the VHF telemetry signal
radiated by the space vehicle, and an acquisition data distribution subsystem
which permits the synchronization of all steerable antennas at a site.

pointed

The acquisition angle tracking equipment shall be capable of being

a) manually,
b) automatically, using telemetry signals from the space vehicle to a

range of at least__ nm, and
c) from data supplied by the acquisition data distribution subsystem.
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The ¢, of the tracking errors of the automatic angle tracking

equipment shall be not greater than the following:

Static
Azimuth deg.
Elevation deg.

D yna_mi_c (A = _. = deg/sec)

Azimuth deg.
Elevation deg.

The acquisition data distribution system shall distribute pointing data
to all steerable antennas at a site and permit automatic pointing synchronization
of the antennas. It shall be possible to insert data into the distribution system

both manually and from any one of the tracking systems at the site, such as the
acquisition angle tracking equipment or the radars. Displays indicating the per-
formance and mode of all tracking systems shall be provided to permit selection
of the best source of pointing data for the acquisition data distribution system.

4.8.6.1.2 Deep-Space Tracking Subsystem

The tracking subsystem at Deep-Space tracking stations shall include

the following equipment elements:

a) S-band tracking subsystem
b) Data conditioning
c) Data monitoring
d) Acquisition

4.8.6.1.2.1 S-Band Tracking Subsystem

T he S-band tracking subsystem shall be capable of tracking

the spacecraft within the coverage volume specified in section 4.8.4.2.2.

This subsystem shall have the capability of measuring range,

range-rate and angular position of the location of the spacecraft. It shall
operate in conjunction with S-band transponders (specified in Section 4.5)
which are carried by the CM and LEM. Communication services as specified
in Sections 4.8.6.2.2, 4.8.6.3.2, 4.8.6.4.2, and 4.8.6.5 shall be multiplexed

with the S-band tracking signals and shall use the same antennas and r-f
transmitting and receiving equipment. The subsystem shall be capable of track-

ing both the CM/SM and the separated LEM from the time the spacecraft
separate until rendezvous, except when they are obscured by the moon.

The S-band tracking subsystem shall have the following technical

characteristics:

Transmitter

Operating frequency range
Modulation characteristics

Effective radiated power

mc

w
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Receiver

Operating frequency range
Modulation characteristics
Minimum usable power density

me

w/m 2

Antenna

Operating frequency range
Pattern

Steering
Antenna diameter

me

85 ft.

Tracking Accuray
The _ of the tracking errors within the specified operational range shall

not exceed the following:

Static

Range ft
Range Rate ft/sec
Azimuth or Hour Angle mr
Elevation or Declination mr

Dynamic (for R = ft/sec, ,/i = _= deg/sec)

Range ft
Range Rate ft/sec
Azimuth or Hour Angle mr
Elevation or Declination mr

4.8.6.1.2.2 Data Conditioning

Equipment shall be provided to accept data samples from the
S-band tracking subsystem and convert them to coded digital form for trans-
mission to the computing center at the IMCC at a rate consistent with the
capacity of the outgoing transmission link. At stations equipped with high-
speed data transmission facilities, this sampling rate shall be__ times per
second; at stations equipped for teletypewriter speed transmission, the

sampling rate shall be times per second.

Each message frame shall include data which permits the
derivation of the azimuth, elevation, range, range rate, time, station identi-
fication, and on indication of the quality of the tracking data (i. e., whether

valid or not).

4.8.6.1.2.3 Data Monitoring

Displays shall be provided for comparing the data transmitted
to the computing center with that generated by the S-band system.

:-:.1 "1.....



4.8.6.1.2.4 Acquisition

The acquisition subsystem at each site shall provide data to the
S-band tracking subsystem for use in acquiring the spacecraft. The acquisi-
tion subsystem shall be compatible with the S-band tracking and spacecraft
subsystem specified in sections 4.8.6.1.2.1 and 4.5 and shall be capable of

acquiring the spacecraft at a range of at least nm. When there are more
than one S-band tracking subsystem at a site, all of the steerable antennas
shall be synchronized and controlled by either the acquisition subsystem or

inputs derived from one of the tracking antennas.

Displays of the performance and mode of all tracking subsystems shall be
provided for selection of the best available pointing data. The _ of the

tracking errors shall be not greater than:

Static:

Azimuth deg
Elevation deg

Dynamic (for A = E =_deg/sec)

Azimuth deg

Elevation deg

The technical characteristics of the acquisition subsystem shall be:

Operating frequency range
Modulation characteristics
Minimum usable power density

me

w/m 2

4.8.6.2 Telemetry (Space-to-Ground Data) Subsystem

All GCTS sites shall be equipped to receive telemetry data from the space

vehicle. Each site shall be able to

a) permanently record incoming data,
b) identify individual blocks of data and appropriately route the data using automatic

equipment, and
c) monitor the flow of data.

4.8.6.2.1 Near-Earth Telemetry Subsystem

The several classes of Near-Earth sites shall be capable of receiving

data telemetered from the space vehicle as follows:

Sites

Launch Coverage
Earth Orbit

Extended Range
Re-entry

Telemetry Data from

S-IC, S-II, S-IVB, IU, CM/SM, LEM
S-IVB, IU, CM/SM, LEM
S-IVB, IU, CM/SM, LEM
CM

Each telemetry subsystem shall have the technical characteristics given in the

following table.
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Near-Earth Telemetry Receiving Subsystem

Description

Operating frequency range

Modulation characteristics

Minimum usable power density

Near-Earth Telemetry Antenna Subsystem

Description

Operating frequency range

Pattern

Steering

Coi. A Col. B . ..

Col. A Col. B ...

Associated receiving subsystems

Demodulation and decommutation techniques, individual channel assignment, and

channel characteristics of each telemetry receiving subsystem shall be compatible

with its respective source.

4. 8.6.2.2 Deep-Space Telemetry Subsystem

A subsystem for receiving telemetry data from the CM/SM and the LEM

shall be provided at the Deep-Space stations. The system shall recover telemetry
data which has been multiplexed on a sub-carrier of the S-band transponder and shall
be capable of receiving and recovering telemetry data simultaneously from the CM/
SM and the LEM.
The technical characteristics of the Deep-Space site telemetry subsystem shall be

as follows:

Deep-Space Telemetry Subsystem

Description CM/SM Telemetry

Operating frequency range [2290-2300] mc

LEM Telemetry

[2290-2300] mc

Modulation characteristics

Minimum usable power density

4.8.6.2.3 Data Conditioning

w/m 2 w/m 2

The telemetered data shall be conditioned in different ways, depending

on the phase of the mission, the resulting character of the data being received from
the spacecraft, and the type of facility available for transmission to the IMCC.

aml I --
III
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Capability shall be provided to recognize and expedite handling of critical information.
The conditioning options available shall be as follows:

1) During periods of powered flight, spacecraft checkouts and periodic transmission of
bulk data, the data shall be converted without reduction, to a coded digital form suitable
for transmission to the computing facilities. The conditioned data shall be time tagged
and entered into a buffer store and transmitted at a rate compatible with the capabilities
of the communication circuits.

2) During mission periods other than those specified in 1), limited telemetry data in-
dicative of critical systems performance shall be received from the space vehicle. These
These data shall be processed for local display, and time tagged and entered into a buf-
fer store. Equipment shall be provided to transmit the stored data or specific critical
items to the IMCC.

4.8.6.3 Ground-To-Space Data Subsystem

Certain GCTS sites shall be provided with ground-to-space data transmitting facil-
ities. These sites shall be equipped to transmit timing, commands, control data, and other
data to the space vehicle and to verify the correctness of certain data through a compari-
son with the data repeated back over the telemetry link. Means shall be provided to check
data received for relay transmission to the space vehicle for accuracy and to convert it to

the form required for transmission to the space vehicle.

4.8.6.3.1 Near-Earth Sites

The ground-to-space facilities at Near-Earth sites shall have the following
technical characteristics:

Operating frequency range mc

Modulation characteristics

Effective radiated power W

w (Extended Range sites)

Antenna Subsystem

Operating frequency range mc

Pattern

Steering

Associated transmitting &
receiving subsystems

4.8.6.3.2 Deep-Space Sites

The ground-to-space data subsystem at Deep-Space sites shall be integrated
with the S-band tracking subsystem specified in Section 4.8.6.1.2.1. Each Deep-Space

site shall have the capability of transmitting data simultaneously to the CM/SM and LEM.

k

- __ :-il[_-:
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The technical characteristics of the ground-to-space data subsystem shall be:

Description

Operating frequency range

Modulation characteristics

Effective radiated power

CM/SM Data

[2110-2120] mc

LEM Data

[2110-2120] me

w w

4.8.6.4 Space-Ground Voice Communication Subsystem

All GCTS sites shall be equipped with a two-way voice communication subsystem
to maintain voice communication capability between the earth and the spacecraft in accord-

ance with the coverage requirements specified in section 4.8.4.2. This subsystem shall
include facilities permitting direct voice communication between the IMCC and the space-
craft.

4.8.6.4.1 Near-Earth Sites

Near-Earth sites shall be equipped with VHF radio equipment. The VHF

voice subsystem shall have the following technical characteristics:

mc

Transmitting Subsystem

Operating frequency range

Modulation characteristics

Effective radiated power

Receiving Subsystem

Operating frequency range

Modulation characteristics

Minimum usable power density

Antenna Subsystem

Operating frequency range

w

w (Extended Range sites)

mE

w/m 2

w/m 2 (Extended Range sites)

me

Pattern

Steering

4.8.6.4.2 Deep-Space Sites

The voice communication subsystem at Deep-Space sites shall be integrated
with the S-band tracking subsystem specified in Section 4.8.6.1.2.1.
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Provisionsshallbemadefor selectionof the CM/SM or the LEM channel, or

both. Conference capability between the CM/SM, LEM, and IMCC shall also be provided.
The technical characteristics of the Deep-Space voice communication subsystem shall be
as follows:

Description

Operating frequency range

Modulation characteristics

Effective radiated power

CM/SM Voice

[2110-2120] mc

LEM Voice

[2110-2120] mc

w w

4.8.6.5 Television Receiving Subsystem

The capability of receiving television signals from the LEM shall be provided at

all Deep-Space sites. The television receiving subsystem shall be integrated with the
S-band tracking subsystem specified in Section 4.8.6.1.2.1.

The television receiving subsystem shall have the following technical characteristics:

Operating frequency range

Modulation Characteristics

Video signal bandwidth
Number of lines per frame
Horizontal scanning frequency
Vertical scanning frequency
Reference black level

Minimum usable power density

[2290-2300] mc

me

cps
cps

w/m 2

4.8.6.6 Local Site Intra-Communication Subsystem Suitable voice communications fa-
cilities shall be provided at each site to interconnect the various subsystems, operating
positions and the inter-site communication network. Local loops and instruments, which
may be connected to inter-site communication voice circuits, shall be four-wire through-
out.

4.8.6.7 Timing Subsystem A timing subsystem shall be provided at each GCTS station to

act as a source for timing signals necessary to condition and process tracking and tele-
metry data. The timing subsystem at each station shall be synchronized with the United
States National Standard of Frequency and Time-Interval (WWV). Synchronization with the
National Standard shall be capable of being maintained to within_milliseconds at each
station.

4.8.7 Inter-Site Communications Network

A communication network shall be established to interconnect the IMCC, the LCC,
the GCTS sites, and the RCC.

4.8.7.1 Communication Services The communication services provided between the
IMCC and other stations shall include:

a) Equivalent four-wire voice to all stations;

b) High-speed data (__bits per second) to and from the LCC and selected stations;

--v .............
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c) Full duplex teletypewriter data and message facilities (___.__m) to all stations;

d) Real time television from the LCC;

e) Real time television from continental U. S. deep-space station(s) of the quality speci-
fied in section 4.8.6.5. The network selected must be compatible with this signal; and

f) Wide-band data (__bits per sec) for the transmission to IMCC of spacecraft tele-
metry composites from the LCC during the launch phase, and from the continental U. S.
Deep-Space site(s).

4.8.7.2 Communication Network Plan Land line, microwave and submarine cable facilities
shall be used wherever available as primary facilities for the links. Alternate routes shall
be provided for all critical circuits and all HF radio links. HF radio links shall be utilized

only where other facilities are not available or as back-up links. Space diversity shall be
provided on all HF links. Frequency diversity shall be provided on HF links for use during
propagation transition periods and for protection against serious interference. Provision
shall be made for the communications needed to facilitate radar handover.

Data terminal equipment that connects to common carrier circuits shall be selected to avoid
the need for special delay equalization or other special engineering of such circuits.

4.8.7.3 Communication Center All stations shall be linked to the communications center

at IMCC. It shall contain a facility to transform live and recorded television signals to a

format suitable for use by commercial television facilities.

4.8.7.4 Network Reliability The following features shall be incorporated in the inter-site
communication network:

a) Geographically diversified circuits shall be provided between IMCC and LCC, between
IMCC and overseas gateways, and between IMCC and continental U.S. sites.

b) Redundant high-speed data circuits shall be provided between the communications cen-
ter at the IMCC and the LCC, and for other critical circuits between IMCC and other
sites.

c) Standby geographically diversified alternate circuits shall be provided for all circuits.

d) An indication of the status of each circuit shall be displayed at the IMCC communica-
tions center. Teletypewriter and data circuits shall be checked out for circuit continuity,
proper operation of the terminal equipment at both ends of the circuit, and the amount of
distortion of signals on each link. Signals that do not degrade speech shall be carried

continuously on voice circuits to indicate their status.

e) Error detection and correction techniques shall be used on all high speed data cir-
cuits.

4.8.8 Simulation and Training

Selected GCTS sites shall be equipped with technical and operational facilities for con-

ducting simulation and training exercises. These facilities shall allow each of the major sub-
systems at a site to be exercised individually or in combination with other subsystems at a
site on an individual site basis or as p_rt of a network exercise. Simulation and training in-
strumentation shall be provided having the capability of open-loop simulations (mission pro-
file independent of operator actions), and, in conjunction with the network, in closed-loop sim-
ulations (mission profile varied in accordance with operator action).
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4.9 IntegratedMissionControl Center

Primary command and decision-making responsibility rests with the Integrated Mission
Control Center on earth. Each mission will be conducted in accordance with a detailed

mission plan which includes specific actions to be taken in case of recognized emergencies.
Responsibility for the execution of this detailed mission plan will normally be delegated to
the on-board Crew Commander. Deviations from the plan require approval from the IMCC.

For emergencies requiring immediate action, or during periods of no communications with
the IMCC, the responsibility for command shall reside with the on-board Crew Commander.

4.9. 1 Scope

The IMCC shall be equipped to:

a) Direct overall mission conduct
b) Generate guidance parameters and monitor guidance computations and propulsion

capability
c) Evaluate the performance and capabilities of the space vehicle equipment systems
d) Evaluate the capabilities and status of the spacecraft crew and life support systems
e) Direct and supervise activities of the ground support systems
f) Direct the launch operations

g) Direct the recovery activities
h) Conduct simulation and training exercises
i) Schedule and regulate transmission of recorded data from sites

j) Support post-mission analyses.

IMCC shall consist of the Mission Operations Control Room (MOCR), Support Areas, and

Support Systems. MOCR shall be the command center for the Apollo mission. Opera-
tional support for MOCR shall be provided by the specific support areas and by the support
systems. Equipment for the support systems will be located throughout IMCC rather than
concentrated in specific areas.

4.9.2 Facility Requirements

4.9.2.1 Mission Operations Control Room

4.9.2.1. 1 General

The Mission Operations Control Room (MOCR) shall be the command
center for the Apollo mission. The MOCR shall contain a group of specialized
functional locations (called stations) where specific information will be available
that contributes directly to the decisions by the Operations Directorate as to whether
to continue the mission as planned, modify the mission, or order an abort. At the
IMCC, only MOCR stations shall have voice communications with the spacecraft

crew.

The functional stations within the MOCR shall be:

a) Operations Directorate
b) Flight Dynamics
c) Spacecraft and Launch Vehicle Systems
d) Spacecraft Crew and Environment
e) Ground Complex Control
f) Recovery Operations Direction
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4.9.2.1.2 Operations Directorate Station

4.9.2.1.2.1 Function The Operations Directorate shall direct overall mission conduct

from pre-launch through recovery.

4.9.2.1.2.2 Communications Facilities shall be provided for:

a) Voice communication with the spacecraft crew and all sites
b) Communications with the Launch Control Center
c) Communications with all stations in the Mission Operations Control Room

d) A monitoring capability of the communications between stations in the MOCR and
the support areas

4.9.2.1.2.3 Controls Controls shall be provided to:

a) Command an abort
b) Call up data

c) Hold the earth launch countdown

4.9.2.1.2.4 Displays The following displays shall be provided:

a) Status displays
b) Abort recommendation
c) TV presentation of remote IMCC displays

4.9.2.1.3 Flight Dynamics Station

4.9.2.1.3.1 Function This station shall be equipped to:

a) Monitor present trajectory and trajectory changes
b) Monitor guidance computations
c) Monitor propulsion capability remaining
d) Effect ground-controlled trajectory changes

4.9.2.1.3.2 Communications Facilities shall be provided for:

a) Voice communications with the spacecraft crew
b) Communications with the Operations Directorate
c) Communications with the Space Vehicle Systems Performance Analysis

Area
d) Communications with the Trajectory Monitoring and Analysis Area
e) Communications with the Launch Control Center

4.9.2. 1.3.3 Controls Controls shall be provided to:

a) Call up data

b) Initiate timing signals to the space vehicle
c) Recommend abort
d) Enable ground-controlled trajectory changes

4.9.2.1.3.4 Displays The following displays shall be provided:

a) Status displays including a status indication of space vehicle guidance

b) Computer recommendations
c) Mission event timing indications
d) TV presentation of remote IMCC displays

.... -- nil--
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4.9.2.1.4 Spacecraft and Launch Vehicle Systems Station

4.9.2.1.4. 1 Function This station shall be equipped to assess the performance and
capabilities of the space and launch vehicles equipment systems.

4. 9.2.1.4.2 Communications Facilities shall be provided for:

a) Voice communication with the spacecraft crew
b) Communications with the Operations Directorate
c) Communications with the Space Vehicle Systems Performance Analysis

Area

d) Communications with the Launch Control Center

4.9.2.1.4.3 Controls Controls shall be provided to:

a) Call up data
b) Enable checkout

c) Recommend abort

4.9.2.1.4.4 Displays The following displays shall be provided:

a) Status displays

b) TV presentation of remote IMCC displays

4.9.2.1.5 Spacecraft Crew and Environment Station

4.9.2.1.5.1 Function This station shall be equipped to monitor and evaluate the
capabilities and state of the spacecraft crew and life support systems.

4.9.2.1.5.2 Communications Facilities shall be provided for:

a) Voice communication with the spacecraft crew
b) Communications with the Operation Directorate
c) Communications with the Space Vehicle Systems Performance Analysis

Area

d) Communications with the Launch Control Center
e) Communications with the Meteorological and Space Environment Area

4.9.2.1.5.3 Controls Controls shall be provided for:

a) Call up data
b) Recommend abort

4.9.2.1.5.4 Displays The following displays shall be provided:

a) Status displays
b) TV presentation of remote IMCC displays

4.9.2.1.6 Ground Complex Control Station

4.9.2.1.6.1 Function This station shall be equipped to direct and supervise the activ-
ities-of the ground support system including network stations, communication links
and internal communications.
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4.9.2.1.6.2 Communications Facilities shall be provided for:

a) Voice communications with all sites
b) Communications with the Operations Directorate
c) Communications with the Communications Technical Monitoring Area
d) Communications with the Communications Distribution Area

4.9.2.1.6.3 Controls Controls shall be provided to:

a) Regulate overlapping site coverage
b) Call up data
c) Initiate network test

4.9.2.1.6.4 Displays The following displays shall be provided:

a) Status displays of all ground elements
b) TV presentation of remote IMCC displays

4.9.2.1.7 Recovery Operations Direction Station

4.9.2.1.7.1 Function This station shall be equipped to direct the activities of the
Recovery Forces and inform the Operations Directorate of their status and per-
formance.

4.9.2.1.7.2 Communications Facilities shall be provided for:

a) Voice communication with the spacecraft crew
b) Communications with the Operations Directorate
c) Communications with Recovery Control Centers
d) Communications with the Meteorological and Space Environment Area

4.9.2. I. 7.3 Displays The following displays shall be provided:

a) Status display of the Recovery Forces
b) Mission status

4.9.2.2 Support Areas

4.9.2.2. 1 General Technical support for the Mission Operations Control Room shall be
provided by specialized support areas. These support areas shall provide detailed in-
formation to the MOCR from pre-launch through recovery, as required. This shall
include the capability to prepare and arrange detail charts and graphs for video pres-
entation in the MOCR.

These support areas shall be physically separate from the MOCR. Voice communi-
cations between the support areas and the MOCR shall be provided as well as
closed circuit television to certain support areas.

4.9.2.2.2 Space Vehicle Systems Performance Analysis Area

4.9.2.2.2.1 General The space vehicle systems performance analysis area shall
be equipped to perform detailed analyses of the processed space vehicle telemetry
data to determine the present performance and predict future performance of the
space vehicle systems.

4.9.2.2.2.2 Crew Performance and Life Support Analysis This group shall
monitor and predict crew and life support systems performance and report all abnormal

...... IE ......
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conditions to the MOCR. This group shall be connected to the MOCR by both voice
and video links.

4.9.2.2.2.3 Space Vehicle Systems Performance Analysis This group shall
monitor and predict vehicle system performance and inform the MOCR of any mal-

function or predicted deficiency. They shall be connected to the MOCR by both
voice and video links.

4.9.2.2.3 Trajectory Monitoring and Analysis Area This group shall monitor and
analyze all trajectory and trajectory change data to provide direct support to the
Flight Dynamics Station. They shall be connected to the MOCR by both voice and
video links.

4.9.2.2.4 Computation Area The computation area shall be equipped to receive,

store and reduce data, make calculations and predictions, and provide data in re-
sponse to control actions and for displays.

The real time computer complex shall be capable of handling real time peak loads of:

inputs

tracking data
space vehicle telemetry
launch control telemetry

ground network status
recovery status

outputs

display information
operations direction
abort contingencies
network control

acquisition data

__K bits/see
__K bits/see
__K bits/sec
_bits,/sec
__bits/sec

__K bits/sec
_K bits/see
__K bits/sec
_bits/sec
bits/see

The computation equipment shall have the capability to compute flight paths, maneuvers and
corrections from both earth-based and spacecraft data independently and in combination.

The computation equipment shall provide in-flight checkout assistance to the space
vehicle.

There shall be two independent sets of digital computers with identical programs and
data inputs which shall operate in parallel for all critical mission operations.

Equipment shall be provided to connect the individual computers to the other com-
puters, common computer storage, the display system and the external communi-

cation system.

4.9.2.2.5 Communications Technical Monitoring Area The communications tech-

nical monitoring area shall be equipped to control Apollo network communications and
determine the quality of communications with the remote sites. This area shall
maintain adequate communication capabilities during the mission. Status displays
of all sites and links shall be provided. This area shall have direct communications
with all remote sites and the MOCR.

4.9.2.2.6 Communications Distribution Area The communications distribution

area shall contain the equipment to channel all incoming and outgoing communications
traffic, to switch and route all internal communications traffic and the equipment for

-11 I
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IMCC inter-communications. A message center for teletypewriter messages, and a dis-
play of the status of the local connecting equipment and links shall be provided.

The terminal equipment shall have a minimum capacity for terminating__ teletypewriter
message and data circuits,__ high speed data circuits, __voice circuits and __tele-
vision circuits. Switching equipment shall automatically route, store and sequence all
incoming and outgoing teletypewriter and digital data. The equipment shall have a mini-
mum capacity for handling__teletypewriter anti__high speed data circuits. An inter-
cept position shall be provided to receive automatically messages rejected by the switch-
ing equipment, together with a transmit position for retransmission of intercepted
messages after suitable correction.

The IMCC intercommunications shall include closed circuit TV, four-wire voice com-
munications including conference loops and a public address system. The voice inter-
communications network shall have a capacity for.______individual stations. _stations

shall be equipped for dialing outside circuits and point to point links within the voice com-
munications network.

4.9.2.2.7 Meteorological and Space Environment Area The meteorological and space
environment area shall collect and maintain global weather forecasts and conditions. The
area shall predict solar flares and other environmental phenomena and predict their ef-

fects on r-f propagation and spacecraft crew safety.

4.9.2.2.8 Public Relations Area The public relations area shall maintain liaison with

the news media by controlling and directing the release of general mission information.
Mission observers shall be accommodated in this area.

This area shall be physically separated from the MOCR but shall have visual access to
the MOCR. A monitoring capability shall be provided with limited voice communications
to the MOCR.

4.9.2.3 Support Systems

4.9.2.3.1 General Operational support for the MOCR shall be provided by specialized
support systems. In general, equipment for these systems will be located throughout
IMCC rather than in specific areas.

4.9.2.3.2 Display System The display system shall maximize the ability of the decision-
making personnel to direct and control all activities related to the operational support of
manned space flight missions. This system shall consist of group displays, individual dis-

plays, and distribution equipment.

Group displays shall provide a common orientation and display general information on
mission status and progress. The group displays shall be flexible to accommodate dif-

ferent quantities for different mission phases and provide for future growth.

Individual displays shall provide detailed information related to specific tasks. In general
the detailed information will be displayed in the support areas with a display call up facil-
ity available at stations in the MOCR. Individual displays shall have controls to enable
operators to request information.

4.9.2.3.3 Simulation and Training System This system shall contain equipment to simu-
late telemetry, trajectory, and command data as well as voice communications, for sub-
system tests, open loop simulations, and closed loop simulations. Simulations shall
exercise all Apollo elements in one combination or another to optimize system perform-
ance for actual mission operations. The equipment shall be capable of changing or per-
turbing system inputs and outputs to simulate all conditions during any phase of a mission.
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The subsystem tests shall provide fixed programmed inputs to exercise particular sub-
systems including site test programs to test network data flow, input/output programs to
test main computing facilities, etc. Open loop simulations shall provide a fixed mission
profile to enable the Operations Directorate and staff to become thoroughly familiar with
the procedures to be used during the nominal mission. Closed loop simulations shall pro-
vide a variable mission profile to enable the Operations Directorate and staff to exercise
their decision-making functions.

If possible the design of simulation procedures shall not effect the sizing of the communi-
cations and computational facilities otherwise required for the operational mission. Sim-
ulation procedures shall be coordinated with the simulation facilities located at LCC,

RCC and the remote sites. The design of the IMCC facilities shall provide positive isola-
tion of mission and simulation traffic.
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4.10 Recovery Forces

The Recovery Forces shall be responsible for the recovery of the astronauts, the scien-
tific samples and data, and the spacecraft.

4.10. 1 Objectives of Recovery Mission

The primary objectives of the recovery mission shall be:

4. 10. 1.1 To locate, assist, and retrieve the astronauts from land and water impacts with
primary emphasis on their safety.

4.10.1.2 Preservation and retrieval of scientific samples and data.

4.10.1.3 Preservation and retrieval of the spacecraft.

4.10.1.4 Completion of recovery operations within specified time intervals.

4.10.2 Types of Recovery Forces

Recovery Forces shall consist of two types:

4.10.2.1 Retrieval Forces Retrieval Forces shall be equipped to locate the spacecraft,
to establish voice communications with the astronauts, to render immediate assistance

for their health and safety, to protect the spacecraft and scientific samples from loss or
damage, to return the astronauts, scientific samples and spacecraft to a designated de-
briefing area, and to communicate with the Recovery Control Center and the IMCC.

4.10.2.2 Assistance Forces Assistance Forces shall be equipped to perform all the
functions of Retrieval Forces except the return of astronauts, scientific samples and
spacecraft to the designated de-briefing area.

4.10.3 Recovery Areas

Recovery areas shall be designated and force deployment shall be specified as a
function of probable landing site location.

4. 10.3.1 Planned Recovery Areas Planned recovery areas include locations of more
probable return to earth. Fully equipped Retrieval Forces will be deployed in these areas.

4.10. 3.1.1 Preferred Landing Site Retrieval Forces shall be deployed at the Preferred
Landing Site to effect immediate voice contact with the astronauts, to render assistance
within minutes and to initiate retrieval at the spacecraft location within minutes.

4.10.3.1.2 Alternate Landing Site(s) Retrieval Forces shall be deployed at the Alter-
nate Landing Site(s) to effect immediate voice contact with the astronauts, to render
assistance within minutes and to initiate retrieval at the spacecraft location with-
in minutes.

4.10.3.1.3 Launching Area Retrieval Forces shall be deployed in the vicinity of the
launch pad to render prompt assistance and to initiate retrieval withinminutes.

4.10.3.1.4 Pre-Orbit Recovery Area Retrieval Forces shall be deployed for pre-orbit
abort landings. Voice contact and assistance shall be provided within hours and
retrieval shall be initiated at the landing site within hours.
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4.10. 3.1.5 Earth Orbit Recovery Area(s) A Recovery Area(s) shall be designated
for the return of the spacecraft from earth orbit if circumstances dictate orderly cur-
tailment of the mission at this phase. Retrieval Forces shall be deployed in this area(s)

to provide assistance inhours and to initiate retrieval at the landing site within
hours.

4.10.3.2 Contingency Recovery Areas The Contingency Recovery Area shall consist of
a band which envelopes the ground track of the spacecraft while it is in the planned earth
orbit. It includes regions of less probable return to earth in which Assistance Forces
only will be deployed. Forces to complete the retrieval operation shall be dispatched to
these areas when required. Recovery shall be as follows:

4.10.3.2.1 Preferred Contingency Recovery Areas Assistance Forces only shall be
deployed at appropriate locations within the ground track band. A suitable area in the
vicinity of each force unit shall be designated as a Preferred Contingency Recovery
Area. Within each such area, assistance shall be provided within hours of space-
craft landing.

4. 10. 3.2.2 General Contingency Recovery The Assistance Forces deployed near the
Preferred Contingency Recovery Areas shall be capable of proceeding by air to provide
assistance at any point in the Contingency Recovery Area within hours.

4. 10.3.3 Emergency Return Recovery Areas An emergency return landing may occur in
virtually any region of the earth. Recovery Forces shall be dispatched from the nearest
point at which suitable facilities are available as soon as the location of the emergency
landing area can be predicted. Planning for recovery operations shall include verification
that assistance can be made available within hours at all possible emergency landing
sites.

4.10.4 Communication and Control

4.10.4.1 Recovery Forces shall be equipped to maintain voice communications with the
astronauts throughout the recovery interval.

4.10. 4.2 Predicted impact area location and the condition of the astronauts, spacecraft,
recovery aids, etc., shall be made available to Recovery Control throughout the mission.

4. 10.4.3 Recovery Force status, impact area weather, predicted recovery intervals, and
suggested impact area adjustments shall be provided to the IMCC throughout the mission.

4. 10.4.4 Communications for operational control of the Recovery Force shall be inde-
pendent of the Apollo network.

4.10. 4.5 One real-time voice channel to link the astronauts with the IMCC shall be pro-
vided at all Planned Recovery Areas at the time of initial assistance.

4.10.4.6 Real-time television coverage shall be provided during the assistance period
at the Preferred Landing Site to the IMCC and at such Alternate Landing Sites as may

lie within range of established television relay routes to the continental United States.

4.10.5 Coordination of Survival_ Safety Assurance and Recovery Aids

4.10.5. 1 The recovery mission plan and recovery force equipment shall be compatible
with facilities aboard the spacecraft.

4. 10.5.2 The Assistance and Retrieval Forces shall be equipped and trained to cope with
emergencies where the spacecraft is damaged and/or the astronauts are incapacitated.
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